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MAGNETIC AMPLIFIERS. We struggled with the title of 
the article beginning on page 112. First attempt was. 
“Static Devices for Position Indication and Control.” 
Quite accurate, but most readers would not connect static 
devices with the magnetic amplifiers used to good advan- 
tage in the circuits described. Actually, this is a case his- 
tory—the first—in Westinghouse’s new Cypak Systems 
application in which static devices do jobs previously dele- 
gated only to contact-making relays. Here small magnetic 
amplifiers perform a low-power-level switching function in 
one instance and a computing function—memory and all 

in another. Reliability is the chief goal sought in this 
new approach. That and simplicity of circuits and reduc- 
tion in the number of control 


components. Anyone 


familiar with mag-amp circuits will appreciate this one. 


CAPACITOR EVALUATION. The choice of the most suit- 
able components for a specific application is a continual 
problem to the design engineer. It is especially difficult for 
those engineers working at the leading edge of progress. 
such as electronic equipment for missiles, guided and 
otherwise. Their problem is not to balance quality against 
cost, but to choose a component that will perform with 
any degree of satisfaction at all. In many cases the solu- 
tion may be reached only after much effort. Donald B. Lee 
discusses a procedure for electronic component evaluation. 
using a paper-dielectric tubular capacitor (MIL-C-25A. 
Characteristic K) as an example, beginning on page 117. 
The application in question has more severe environmental 
conditions than envisioned in MIL-C-25A and therefore 
an additional series of tests had to be devised. 


NUMERICAL POSITIONING CONTROL. Earlier this 
year we published a couple of articles dealing with tracer 
controls. Remember the French curve on the July cover? 
It takes quite a bit of electronic doing to get a machine 
tool to reproduce a smooth curve accurately. There are 
many machine operations, however, involving movements 
of a work piece from here to there and then working on 
it there that requires a different type of guidance. Posi- 
tioning control is needed, using X and Y coordinate move- 
ments, or step-by-step indexing around a circle. Such a 
problem is a natural for a new machine director system in 
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which the dimensional data are taken directly off a print 
and stored on punched cards. In the system General Elec- 
tric control engineers have devised using Remington-Rand 
cards, the digital data on the cards are read off and con- 
verted into electrical signals through selsyns to guide d-c 
feed motors. See page 122. In an early issue a different 
solution to a somewhat similar problem will be presented. 
using IBM cards. There is a difference! R-R cards are read 
mechanically: IBM cards electrically. 


AUTOMATIC CLOTHES WASHER, Impeller action not 
fast enough to be termed supersonic, but ten times faster 
than conventional agitators prodyces a new and efficient 
clothes washing action in a machine introduced by Bendix. 
Audio engineers seek to couple the output of a speaker 
transducer to air in the room. Here Bendix engineers 
couple an energy disk (another type of transducer) to the 
water which then goes to work on the clothes. They are 
literally spanked, pawed, patted and cascaded in a ran- 
dom fashion that leaves them dirtless. The fact that wash- 
ing is done at the same shaft speed as spin-drying leads 
to a marked simplification of the drive system. As an 
added starter Bendix Home Appliance engineers have 
also come up with a companion dryer that dries clothes 
in half the usual time. For full design details see page 128. 


PRE-PLATED METALS. In addition to his slide rule. 
probably the second most important tool of the appliance 
engineer is an imaginary balance scale. Once a basic de- 
sign has been laid down, the problem of balancing styling 
considerations against cost limitations becomes _para- 
mount. Pressured by the consumer, the designer’s search 
for materials with “higher styling” and a low price tag 
will probably go on forever. In some applications, the use 
of pre-plated metals has proved doubly advantageous in 
that, in addition to the wide variety of finishes available. 
costs can often be reduced by eliminating cleaning. 
plating and polishing operations. Through the application 
of close quality control and protective coverings these 
materials can be handled and fabricated with reject rates 
no higher than those obtained with unfinished parts that 
are plated after forming. Selection factors and fabrication 
procedures are discussed on page 136. 
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CURRENT-RECTIFYING DEVICES. The writing of this 
special 20-page report was prompted by the great ad- 
vances being made in semiconductor rectifiers. We've 
been hearing so much about silicon and germanium these 
days that we thought we'd look to see what has happened 
to the well-known standbys such as vacuum tubes and 
selenium. It was encouraging to a sentimentalist to see 
that these old boys are healthy, indeed, and still giving a 
good account of themselves. It seems that the market for 
rectifiers is expanding and that there is a tendency for 
the new devices to create their own applications rather 
than replace the existing types. Each has its own field 
of dominance. The reasons for this will be found in the 
article. beginning on page 139, which lines up side-by-side 
for comparison the advantages. disadvantages and operat- 
ing characteristics of all major thermionic and solid-state 
rectifying devices. 

With rectifiers commanding 20 pages of this issue, what 
would be more logical than to devote the cover to the 
same subject? So there it is—all told in a simple. yet 
powerful design that graphically expresses the basic func- 
tion of rectification. 


CORRECTING METER READINGS. When college students 
tackle for the first time a lab test setup that has been 
done endlessly by others and hence the end results are 
well established, they have been known to apply the factor 
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k),* to their experimental readings so as to be assured a 
passing grade. But that’s not the way to do it when you 
are evaluating power readings on small one- two- and 
three- phase motors to be used in sensitive servo systems. 
Serious business is at stake. If the power levels are low 
enough the wattmeters, voltmeters and ammeters may in 
themselves account for an applicable part of the total 
circuit load and meter corrections are therefore a must. 
Unfortunately this becomes a tedious job that most EE’s 
would like to duck. Author Roger Barrett Bross, formerly 
of the M.I.T. Instrumentation Laboratory, illustrates a 
form he devised to routinize such calculations so that 
technicians can handle the work with the aid of a slipstick. 
\ppended is a method of solving the old problem of ob- 
taining the square root of the sum or difference of squares 
on a simple slide rule. See page 159. 


* Konstant of bueger: 


AUTOMATIC POTTING. What with late summer dol- 
drums and dog days, we can think of a lot more pleasant 
ingredients to mix than casting resins and their catalysts. 
But life is real and life is earnest for the lads (and lassies. 
too!) at the Diamond Ordnance Fuze Laboratories who 
have the job of designing and potting or embedding some 
mighty critical electronic units. And one of the things 
that has made !ife real and earnest, not to say frustrating. 
is the fact that many resin compounds have limited pot 
or pouring lives. Which, of course, plays hob with pro- 
duction runs and best-laid plans for economy in time and 
materials. To show you what can be done when you 
sternly put your mind to a challenge, the DOFL people 
came up with a straightforward automatic machine that 
overcomes this problem by mixing the resin and catalyst 
for each application and feeding the correctly proportion- 
ed compound to the unit being potted. For all the details 
of machine design and operation, turn to page 166. 


TO COMMUNICATE WITH THE PUBLISHER . . . For 
more information regarding anything published in the 
pages of this issue, the reader should use the postcards 
just preceding inside back cover-—or a letter can be 
written to the Editors if the reader wishes to expand upon 
a subject. 
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Acrylic-Resin 
Wire Enamel 


Fresh arrival to the electrical insulation 
field is a new class of acrylic resins, des- 
ignated Lecton. developed by du Pont. 
Applications are indicated for Class B 
insulation, 130 C, with intermittent use 
up to 150 C. Resistance to oils, solvents 
and refrigerants is featured. 

Since the resins can be applied to 
glass fabrics and other fabrics, lami- 
nates and wire. a complete acrylic resin 
system can be developed for specific 
applications. Resin production is. still 
in pilot-plant quantity. 


New Mag-Amp 
Core Material 


Superior dynamic properties are 
claimed for a new molybdenum-nickel- 
iron high-permeability magnetic material 
(Dynamax) now under pilot-plant study 
at the General Electric Research Lab- 
oratory. Said to retain good magnetic 
characteristics at higher temperatures 
than most other nickel-iron alloys, this 
material is particularly indicated for 
magnetic amplifiers and other control 
devices where severe operating condi- 
tions may be encountered. 

The improved characteristics stem 
from special processing techniques, ra- 
ther than from the composition of the 
material. Cooled rapidly in a graphite 
mold, the alloy is first rolled out to a 
thickness of only 0.002 in., then ex- 
posed to dry hydrogen for 4 hr at 2000 
F, and is finally heat-treated again at 
about 1200 F in a magnetic field. Molyb- 
denum content is 2 per cent. 

Dynamax is one of several research 
developments announced during the re- 
cent dedication of the Research Labora- 
tory’s new $5 million Metals and Cer- 
amics Building. 
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ASTM Standards for 
Copper-Clad Laminates 


A much-needed standard on copper-clad 
laminates for printed circuits is in an 
early draft stage under the auspices of 
(STM Committee D-9 on Electrical In- 
«ulating Materials. The need for a stand- 
ard in this field has been increasingly 
felt both by laminate fabricators and 


design engineers. 





Atomic Survival Tests. Panel of Sprague 


Electric capacitors, resistors and com- 
puter components under test at the com- 
pany’s Research and Development Lab- 
oratories, North Adams, Mass., after 
exposure to atomic blast and radiation 
during tests at Yucea Flats proving 
grounds last May. Components were 
found to be “completely unaffected.” . . . 
Sprague was one of some thirty RETMA 
companies participating in these tests in 
cooperation with the Federal Civil De- 
fense Administration and the AEC. Gen- 
erally, the commercial electronic equip- 
ment stood up remarkably well. 


Also approved by the committee is a 
recommendation by an advisory group 
to develop standards for magnet wire. 
With the increasing variety of magnet 
wire enamels now in use or in process 
of development, comprehensive and up- 
to-date standards are essential. 

The expanding use of casting resins 
is reflected in a recent action of ASTM 
Committee D-20 (Plastics) to develop 
standards for these materials. 


Research Via 
Ultrasonics 


attenuation measurements 
offer many possibilities in the funda- 
mental study of engineering properties 
of materials.Uses of these measurements 
for quality control are among applica- 
tions that appear to have immediate 
practical value. This was brought out 
by R. Truell, Director of Research, Di- 
vision of Applied Mathematics, Brown 
University, in his paper before the 
ASME Diamond Jubilee Spring Meet- 
ing, Baltimore, April 18-21. But ultra- 
sonic attenuation measurements, he em- 
phasized, are not to be “lumped to- 
gether” with other phases of ultrasonic 
work, such as flaw detection and velocity 
measurements, both of which are fairly 
well known. 

Essentially, ultrasonic attenuation 
measurement “is an average, taken 
through the sample, of the losses due te 
scattering and absorption along the 
beam path through the sample. In this 
respect these attenuation measurements 
are somewhat like resistivity measure- 
ments but not at all like X-ray or other 
types of optical examination.” 

Studies have been made in various 
alloys, such as chrome-nickel-moly and 
copper-aluminum, also in determining 
high-energy radiation damage in solids, 
as well as plastic deformation of alumi- 
num. 


Ultrasonic 
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RESEARCH HORIZONS 





Neutron Irradiation 
Effects in Steel 


Research test results continue to con- 
firm established conclusions that irra- 
diation can cause structural metals to 
behave quite differently from unirradi- 
ated metals. New concepts are seen to 
be necessary for relationships between 
mechanical tests and service perform- 
ance when metals are evaluated for 
reactor use where they may be sub- 
jected to neutron bombardment. 

In a specific research program by 
J. C. Wilson and R. G. Berggren (Oak 
Ridge National Laboratory), carbon 
and austenitic stainless steels were sub- 
jected to integrated fast neutron fluxes 
of 1019 to 1029 nyt. These results were 
observed: 

1. The curve for aus- 
tenitic stainless is altered, and, with suf- 
ficient irradiation, or high enough test- 
ing speed, the metals showed definite 
yielding points. In addition, the yield 
stress showed strong dependence on the 
strain rate. 

2. Irradiation sometimes eliminated 
the yield point in carbon steels. Duc- 
tility was decreased to a greater extent 
than in austenitic stainless. Annealing 
of irradiation effects during irradiation 
at elevated temperatures was found to 
exert varying degrees of influence in 
different mechanical properties. Notch- 
bar impact tests on these steels showed 
irradiation effect on the transition tem- 
perature. 


stress-strain 


This work was reported in a paper. 
“Effects of Neutron Irradiation in 
Steel,” before the ASTM annual meet- 
ing in Atlantic City, N. J., June 26- 
July 1. 


Epoxies 
Overseas 


Materials symposia across the Atlantic 
tend to be a bit more thorough and sci- 
entific than those we hold here. A case 
in point is a three-day symposium deal- 
ing solely with epoxy resins to be held 
early in 1956 in England under the 
sponsorship of the Society of Chemical 
Industry (Plastics and Polymer Group). 
It is planned to have papers on the 
chemistry of the resins, on their prop- 
erties in relation to their structure, and 
on applications generally as related to 
chemical and physical considerations. 
Papers have been invited from all coun- 
tries where work in these 
been conducted. 

(Thanks to Dr. A. J. Warner, Chief 
Rectifier Engineer. Standard  Tele- 
phones and Cables Ltd., for this bit 


resins has 
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Many of our readers will re- 
member Dr. Warner when he was with 
Federal 


of news! 


Telecommunications Labora- 


tories here. ) 


AEC-Released 
Patents Listed 


Latest list of 20 patents 
the Atomic Energy 


released by 
Commission on a 
non-exclusive, royalty-free basis brings 
the total now released for licensing up 
to 767. Details of patents are available 
from the Chief, Patent Branch, Office of 
the General Counsel, United States 
Atomic Energy Commission, Washing- 
ton 25, DC. 

The current list ranges from a patent 
for an ion (2.700.107) to one 
for a saturable reactor (2,709,791). The 
historic patent for a neutronic reactor 
to two great physicists—the late Dr. 
Enrico Fermi and Dr. Leo Szilard—is 
included. 


source 


Reactor 

Packages 
research 
laboratory will be seen without its own 
nuclear research 


Pretty soon no_ well-dressed 
reactor. And buying 
one will be a comparatively simple op- 
ration (once the cash problem has 
been solved by some kindly budget, en- 
dowment, or gift). Research reactors 
are already 
mercial 


being offered on a com- 
basis as complete packages 
(less the fissionable material). Here’s 
G-E’s Atomic Power Equipment Depart- 
ment Bulletin GEA-6326 listing a mat- 
ter-of-fact choice of three principal 
types of reactors, as well as reactor 
system components. 

What will you have? 
reactor (GE-NTR). a water-boiler re- 
actor (GE-WBR). or a swimming-pool 
reactor (GE-SPR) ? 


\ nuclear test 


Introducing 
“Physicotronics”’ 


Add the words “physics” to “electron- 
ics” and you can come up with a coined 
word something like “physicotronics.” 
used at Emerson Electric Manufacturing 
Company to denote the study of prob- 
lems related to the physical design of 
electronic equipment. Don G. Heitert. 
head package engineer at Emerson, tells 
us that in his organization “physico- 
tronics” is considered a new category 
of engineering. defined as “the engi- 
neering associated with the physical 
aspects of electronics.” Shock and vibra- 
tion specialists, heat-transfer experts, as 
well as electrical and mechanical design 
engineers compose the “physicotronics” 
team. 

Electronic equipment design was at 
one time considered fundamentally a 
problem of circuit design. Mainly by 
force of design common sense, but fre- 
quently, too, as a result of unhappy 


experience. engineers have learned that 
the physical design parameters are in- 
from the circuit 


divisible parameters, 


Color Harmony in 
Textile Machines 


Household appliances and even some in- 
dustrial machinery may be emerging in 
a blaze of color these days. but textile 
machinery is being standardized into a 
harmony of quiet color. So reports Eg- 
mont Arens at this year’s annual meet- 
ing of the Inter-Society Color Council. 
The new Gwaltney Spinning Frame de- 
signed for Lowell by Thomas 
Currie of Currie and Van Dyck, in- 
dustrial Southport. Conn.. 
uses only five different finishes: bright 
aluminum, two painted surfaces (Saco 
Lowell light and Saco Lowell 
dark green), natural steel, and natural 
rubber. 

This report says it has not been un- 
common for 


Saco 


designers, 


green 


conventional textile ma- 
chinery to have as many as 25 different 
finishes. 


Capsule Notes on 
Research Reports 


{ 168-page report on “Synthetic Lub- 
ricants,” the result of a two-year Air 
Force research program, is now avail- 
able from the Office of Technical Serv- 
U.S. Department of Commerce. 
Washington 25, D. C. Price: $4.25. 

Research activities in the Department 
of Defense and defense-related agencies 


ces, 


have been evaluated by Commission on 
Organization of the Executive Branch of 
the Government (Hoover Commission }. 
It is now for sale by the Superintendent 
of Documents at 30¢ per copy. 

Some 130 reports are ab- 
stracted in a 105-page compilation. “A 
Review of the Air Force Materials 
Research and Development Program.” 
(Code PB111648) 
Office of Technical 
ment of Commerce. Washington 25, 
D. C., at $2.75 per copy. The compila- 


research 


from the 
Depart- 


available 
Services. 


tion covers the Air Force program from 
July 1, 1953 through June 30, 1954. 

Distributed by the Franklin Institute. 
Philadelphia, is a 26-page reprint of 
“Fundamentals in the Behavior of Elec- 
trets.” by W. F. G. Swann originally 
published in the Journal of the Institute. 
June 1953. Dr. Swann has been one of 
the foremost researchers in the field of 
the still elusive practical electret and in 
this presents a mathematical 
analysis of his most recent electret be- 
havior investigations. 


paper 


(A comprehensive research progress 
report and annotated bibliography 
“What About Electrets?” appeared in 
December 1950 ELectricaL MAaNnurac- 
rURING, page 96.) 

—A. E. J. 
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Practical Space Satellite 


ON A RELATIVELY SMALLER SCALE we are about 
to witness the launching of another one of 
those “Manhattan” projects involving the co- 
operation of scientists and engineers, this 
time in development of space flight on a prac- 
tical level. under government auspices. 

The small group of scientists present at the 
White House announcement appeared to be 
concerned mainly with making observations 
about cosmic rays, the earth’s gravitation and 
even using the satellite vehicle for triangula- 
tion measurements of the earth’s surface and 
of its oblateness. Not present were representa- 
tives of the major engineering societies. Their 
members will have to design and build rockets 
that will take the satellite 200 or 300 miles up 
and get it started on its 18,000 mph course 
around the earth; also to provide it with 
telemetering equipment. 

Dr. Wernher von Braun, famous German 
rocket expert, now a consultant in this coun- 
try, maintains that engineering 
aspect, manned space flight and its ultimate 
purpose 


“from an 
voyages to the moon and nearer 
are merely a logical extrapolation of 
the present art of rocketry. . . . The same in 
gredients are required to make space flight as 
successful as aviation: Devotion on the part 


planets 


of its protagonists, money and a determined 
step-by-step program.” We now have the 
money and no doubt experts in the Defense 
Department will guide the program, basically 
an engineering project. 

Science and engineering are wedded in the 
term, Astronautics—astronomy and aeronau- 
tics. The American Astronautical Society, a 
little over a year old, is headed by an engineer 
who works on guided missile controls. Othe1 
oflicers include engineers of aircraft com- 
panies producing guided missiles, engineers 
in communications and a staffer from the 
American Museum of Natural History. The 
25-year old American Rocket Society has 


heen meeting regularly with the American 


Society of Mechanical Engineers for a number 
of years, as if to emphasize the tie-in. The 
science of Astronautics is thus out of its 
swaddling clothes. The Institute of Aero- 
nautical Sciences also has taken note of the 
growing interest in space travel. 

As regards military secrecy and industry 
participation, the overall situation in astro- 
nautics is somewhat similar to that of atomic 
energy a few years ago—hbefore public dis- 
closure of reactor design. Rocket development 
is under strict security wraps now but a lot 
of engineers are working on such projects 
so there is plenty of know-how available. More 
and more data are being published relating 
to environmental conditions of guided mis- 
siles and the corresponding requirements of 
components. Selection of capacitors for such 
application is discussed in this issue of 
ELECTRICAL MANUFACTURING, 

Much is yet to be learned about the eccen- 
tricities of not-so-well-guided missiles. Many 
different aspects of the engineering science 
are embraced in the solutions of such prob- 
lems. For economy in development time and 
money, techniques used in the successful de- 
sign of supersonic planes and guided mis- 
siles will have to be applied to launch rockets 
for space satellites. | 

There is undoubtedly a related significance 
in the appointment last month of Dr. Donald 
\. Quarles as the new Secretary of the Air 
Force. In his preceding post as Assistant 
Secretary of Defense for Research and De- 
velopment he has had much to do not only 
with the direction of the guided missile pro- 
eram but also with plans for the space satel- 
lite. Dr. Quarles’ brilliant research and en- 
gineering career with Bell Telephone Labora- 
tories and the Sandia Corporation needs no 
retelling for the engineering profession. This 
is the first time in our history that a research 
scientist and engineer in the modern sense of 
the term has been appointed to Cabinet rank. 
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Magnetic Amplifiers 


for Indication and Control 






The system described here shows how the step-function 


characteristic of these static magnetic devices can be used to (1) 


obtain low-level positional signals in random order from several 


sources; (2) amplify them and light local lamps: and (3) light 


a remote lamp or initiate a control action when all signals are in. 


TWO MAGNETIC AMPLIFIER CIRCUITS have been developed 
to provide power amplification and computer functions 
in position-indicating and control systems, such as the 
basic one shown schematically in Fig. 1. The system is 
required to detect the end position of a number of ele- 
ments in a machine and to light a local lamp to indicate 
the completion of the motion. In addition a remote lamp 
must come on when, but only when, the last of the group 
of local lamps is lighted. The remote lamp must stay on 
until the last of the local lamps goes off, and its operation 
must be independent of the order in which the local 
lamps are controlled. This condition would be applicable, 
for example, in an electrical control system where it is 
desired to operate a safety control when the last of the 
group of machines goes on or off. [Such a problem might 
also arise in a transfer-type machine tool in which all 
the cutter or drill head slides had to be back before work 
could be transferred to the next station.—Editor | 

The functions outlined above can be performed by 
relay and vacuum tube circuits and such circuits were 
considered. Magnetic amplifiers were chosen because sev- 
eral of their features were of distinct advantage in this 
application. A magnetic amplifier is a completely static 
device and is not subject to the mechanical weaknesses 
and variations which limit the reliability of relays. Con- 
trol can be accomplished entirely by electrical means. 
The inherent ruggedness of magnetic amplifiers was par- 
ticularly of value in this system as all units had to pass 
rigid military shock and vibration tests. Furthermore the 
long life of magnetic amplifiers produces reliability not 
possible with vacuum tube circuits. 
The use of magnetic amplifiers also allowed certain 
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simplifications which are desirable in a complex control 
system. Magnetic amplifiers operate directly from an a-c 
supply, and a separate d-c power supply is not required. 
Since no heater power is required, magnetic amplifiers 
have greater efficiency and require no warm-up time. 
Furthermore, for the remote lamp control function, a 
single magnetic amplifier and associated input circuitry 
can perform a control function which otherwise would 
require a great many relays. These advantages are of in- 
creased importance in a system where a multiplicity of 
identical amplifiers are required. 

Local Lamp Amplifier. In the indicating system illus- 
trated in Fig. 1, the position-sensing transducers are 
differential transformers with associated magnetic slugs. 
When the slug reaches a certain position the differential 
transformer develops a low-level signal which is ampli- 
fied to a power level sufficient to control the local lamp. 
The amplifier circuit is shown schematically in Fig. 2 
and its control characteristic is shown in Fig. 3. The am- 
plifier is a conventional magnetic amplifier doubler cir- 
cuit which uses sufficient positive feedback to make it 
bistable. By reversing the polarity of one of the feedback 
windings, a-c type positive feedback can be used with 
the advantage of the elimination of a feedback rectifier 
bridge. A 5:1 ratio input transformer is used to step-up 
the signal voltage above the threshold voltage (0.80 volt) 
of the selenium rectifier bridge, so that the rectifiers are 
operated in the region of low forward resistance. 

The differential transformer provides a signal of about 
0.40 volts at a power level of about 1.5 a-c milliwatts which 
is sufficient to control the amplifier. The power sensitivity 
of the amplifier is about ten times that of any contact- 
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Director Control Systems ppp tome 
In this article circuit details are 
released for the first time of an ex- 
ample of the application of West- 
inghouse Cypak systems, announced 
in ExvecrricAaL MANUFACTURING in 
June, page 124. Intended to replace 
electromechanical relay systems with 
static devices like magnetic ampli- 
fiers and semiconductor rectifiers, 
the new systems handle information 
processing rather than power switch- 
ing and are blood relations of digital 
computers. The low - power - level 
switching performed uses logic func- 
tions. For example, one element of 
the system described here employs 
an AND function. Another element 
makes use of the hysteresis effect of 
a magnetic amplifier to serve as an 
ultrasensitive on-off switch. 
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Fig. 1—Block diagram of position- 
indicating and control system. 
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making relay, and the operating voltage is lower than that 
normally obtainable with a-c relays. Any device with the 
power rating of the amplifier can be operated by the out- 
put. The on-off characteristic of the saturable reactor 
element of the magnetic amplifier, Fig. 3, corresponds to 
a relay step function. Hence the local lamp amplifier 
performs essentially as an ultrasensitive a-c relay. 
Remote Lamp Control. The remote lamp control 
device performs a computer type function. It must sense 
a cycle of events and perform a memory function. This 
unit is called upon to totalize any number of input signals 
(the six shown in Fig. 1 are merely typical) operating 
from the same a-c power source and energize the lamp or 
other device only when all input signals are present. In 
computer terminology, it performs an AND function. It 
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BIAS lresisTOR 


Fig. 2—Local lamp control cir- 
cuit using bistable magnetic 
amplifier as an on-off switch. 


should de-energize the lamp only when all signals dis- 
appear. It should operate independently of the order in 
which the input signals are received or withdrawn. 
Alternate Methods Considered. Initially, a solution 
to the whole problem was proposed using sensitive relays 
as shown schematically in Fig. 4. As relays R, to Rg are 
energized by their respective differential transformers, 
the local lamps are energized as are the relay coils Ry, 
to R,,g. When the last of this second group of relays 
closes its contacts, a circuit is completed to the master 
relay R,, by means of the several series-connected con- 
tacts. The master relay turns on the remote lamp and is 
held closed by an interlocking relay. As the differential 
transformer outputs fall to the drop-out value of their 
associated pairs of relays, the local lamps are de-energized, 
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but the group relay is held in until the last parallel cir- 
cuit opens to break the interlock circuit and reset the 
master relay. 

Since some relays have a wide hysteresis-type con- 
trol characteristic (i.e., a large difference between pick- 
up and drop-out values). a possible simplification, of the 
circuit can be made, as is shown in Fig. 5. Here, each of 
the sensitive relays energize one light and furnish one- 
sixth of the pick-up current required by the relay coil 
Re 


parallel circuits are closed and to drop-out only when 


This relay is designed to pick-up only when all six 


the last of the six individual lights are de-energized. 
Aside from the difficulties of making such a relay and 
maintaining its adjustment, the discrimination between 
five and six is subject to line voltage variations, temper- 
ature changes, etc.: so the scheme was dismissed as un- 
reliable. 
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Fig. 3—Hysteresis-type control characteristic of a magnetic amplifier 
with positive feedback. 


Fig. 5—Simplified relay circuit func- 
tions the same as circuit of Fig. 4. 





When it was decided to employ static devices in the | 
form of a magnetic amplifier for this computer function, 
a bistable amplifier was chosen which has an excessive 
amount of positive feedback to produce the basic on-off 
hysteresis type control characteristic shown in Fig. 3. 
This characteristic gives the device a memory and makes 
it possible to sense a cycle of events. An obvious means 
of using this type of bistable amplifier to control the 
remote lamp is to use a separate control winding in paral- 
lel with each individual lamp. Then as each local lamp | 
is energized, one-sixth of the control ampere-turns neces- 
sary to trigger-on the amplifier would be provided. \fter 
the remote lamp is lighted, because of the hysteresis 
characteristic, the remote lamp will remain on until the 
last local lamp is turned off. This system counts incre- 
ments within the loop and is analogous to the relay cir- | 
cuit of Fig. 5. However. slight variations in the size of 





(Values are for control of local lamp, Fig. 2.) 
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Fig. 4—Solution to the position-indicating and 
control problem employing differential trans- 
formers and relays. 
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trol characteristic will cause incorrect operation. With 
a large number of input signals the operation of this sys- 
tem, like that of Fig. 5, is precarious and of doubtful 


reliability. 


To overcome the limitations of this system, a computer- 
type rectifier network was finally designed, Fig. 6, that 
totalizes the input signals and does not allow counting 
within the loop. Instead, the magnetic amplifier is pro- 
vided with a signal of one polarity when all of the input 
signals are received and of another polarity when all are 
absent. The amplifier is biased in the center of the loop 
and has one control winding connected to drive it in the 
“on” direction and another winding to drive it in the 
“off” direction. Regardless of the number of inputs, this 
system has only the three operating points shown in Fig. 
7. Much greater stability results, and only two control 
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Fig. 7—Control characteristic 
of amplifier circuit of Fig. 6. 


the control increments or the size or position of the con- 


windings are needed. The response time of a bistable 
magnetic amplifier is, to a great degree, a function of 
how much the control is driven beyond the trigger point. 
Since this last system uses only two large control incre- 
ments rather than many small ones, the amplifier control 
can be greatly overdriven and the response consequently 
made much faster. 

In the complete remote control circuit, Fig. 6, only 
four inputs are shown, but the operation is the same with 
an increased number of inputs. It is only necessary to 
add one miniature rectifier for each additional input 
channel. Since the local lamp amplifiers function as 
ultra-sensitive relays, for simplicity of explanation, these 
amplifiers are represented in Fig. 6 by relay contacts 
which simulate their on-off characteristic. 

When all of the contacts are open, the local lamps are 
all off. The “on” winding of the magnetic amplifier is 
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Fig. 6—Circuit of remote lamp control am- 
plifier using computer-type rectifier network. 
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Fig. 9—Control characteristic of modi- 
fied amplifier for remote lamp control. 



































































Fig. 8—Breadboard layout of position-indicating and control 


circuit. The two magnetic amplifiers are potted within the 
can shown at the top. 


not energized since both ends of it are connected to th. 
same side of the line. On one-half cycle there is a current 
path through the lamp filaments, through the input recti- 
fiers, and through R, and the “off” winding to the other 
side of the line. The resistance R, is larger relative to the 
lamp resistance (about ter times greater) so that the 
current flowing is much too small to light the lamp, but 
with proper filtering it is sufficient to energize the off 
winding. With the off winding energized and the on 
winding de-energized, the amplifier is operating at point | 
on the operating loop of Fig. 7 and the remote lamp is off. 

If one contact is now closed, the corresponding local 
lamp lights. On one-half cycle there is now a current 
path through the contact. through the input rectifiers, 
and through R» which, with proper filtering. energizes 
the on winding, On the other half cycle the off winding 
remains energized. Since both control windings are ener- 
gized and of equal magnitude but driving in opposite 
directions, their effects cancel each other and the amplifier 
operating point is determined by the bias at point 2. 

If any intermediate number of contacts are closed, the 
current paths through both windings remain. and the 
operating point does not move from point 2. Note that 
as a succeeding contact is closed, the potential it might 
have placed across the off winding is no longer present 
since both sides of the winding are tied to the same side 
of the line. Because of the blocking action of the input 
rectifier, potential is maintained across the winding by 
the remaining open contacts. 

When the last of the contacts is closed, the off winding 
is in all cases tied to the same side of the line and is no 
longer energized. Since only the on winding is now ener- 
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gized. the operating point shifts to point 3 on the hystere- 
sis loop of Fig. 7 and the remote lamp lights. 

As contacts are opened, the intermediate state with both 
control windings energized again occurs and the operating 
point shifts to point 4, Because of the hysteresis loop of 
the bistable amplifier, the remote lamp remains on until 
the last contact is opened. The amplifier then returns to 
point 1 and is ready to recycle. 

Electrical and Mechanical Features. The circuits 
illustrated have been designed to operate from 117-volt, 
60-cps supply, but will operate correctly with wide varia- 
tions of supply voltage, since the feedback, bias, and 
control signals increase proportionally with voltage. The 
proportions of the control characteristic of Figs. 3 and 7 
therefore remain essentially constant. The remote lamp 
amplifier operates correctly with a supply voltage he- 
tween 60 and 130 volts, and the local lamp amplifier 
operates correctly between 80 and 130 volts. 

The circuit components shown within the dashed lines 
of Figs. 2 and 6 have been assembled in metal cans, Fig. 8, 
and then vacuum impregnated with a thermosetting resin. 
Greater mechanical stability and increased insulation 
strength thereby results. The local lamp amplifiers each 
occupy about 15 cu in. and the remote lamp amplifiers 
about 50 cu in. Both units have passed Navy HI shock 
and vibration tests. They will operate over an ambient 
temperature range of — 55 C to + 85 C. The life of the 
amplifiers should be limited primarily by the life of the 
selenium rectifiers. Since the rectifiers are conservatively 
rated, they should have a continuous operating life of 
several years. 

Further Applications of Similar Circuitry. These 
amplifiers or variations on them may have further applica- 
tions. The local lamp amplifier serves as an ultra-sensitive 
relay and is applicable at low signal levels or where the 
extreme ruggedness of a static device is desired. Various 
modes of operation of the remote lamp amplifier can be 
obtained by making slight variations in the circuitry. 
For example, it is possible to indicate when an inter- 
mediate number of a group of machines of a manufactur- 
ing process are in operation. To accomplish this scheme 
of operation, it is necessary to decrease the control char- 
acteristic loop width to a minimum, reverse the on wind- 
ing. and shift the bias, as shown in Fig. 9. When an inter- 
mediate number of devices is on, both control windings 
are energized and sufficient control is present to drive the 
amplifier on. When the devices are either all on or all off. 
only one winding is energized, and the amplifier is not 
driven to the trigger point. 
remains off. 


Therefore, the group device 


The remote lamp amplifier illustrates several features 
of magnetic amplifier circuitry which make it easily adapt- 
able to perform computer functions. Signals can be easily 
added and subtracted by magnetic mixing in the control 
windings, yet kept electrically isolated. Magnetic ampli- 
fiers can easily be used conjunction with computer- 
type rectifier networks, such as AND-OR circuits, which 
selectively respond to a multiplicity of signals. By varying 
the amount of feedback, a linear, bistable, or hysteresis- 
type bistable. control characteristic can be obtained, and 
various amplifier functions can thereby be achieved. By 
utilizing these features magnetic amplifie rs can perform 
functions which require the interpretation and sorting of 
signals as well as those requiring power amplification. 
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Evaluation of Capacitors 


A method of component evaluation is 
described using a subminiature tubular 
capacitor for severe missile application as 

an example. Tests of the finished 
product are only part of the process, 
with investigation of manufacturers. 
methods, quality control techniques 


and other factors playing important roles. 


DONALD B. LEE, Senior Electronics Engineer 
Convair, A Division oF GENERAL DyNAmics Corp. 
Pomona, Calif. 


EVALUATION OF COMPONENTS for satisfactory performance 
in applications is an ever continuing problem for the 
design engineer. It is an acute problem to those engineers 
designing advanced electronic equipment for military 
aircraft. In this case, the objective of evaluation is gener- 
ally to specify and obtain components of superior environ- 
mental resistance and reliability. To illustrate the method 
of component evaluation, the procedure for determining 
the quality of a capacitor is discussed in this article. It 
may, of course, be extended to other types of components. 

The unit selected for illustration is a fixed, paper 
dielectric, direct-current capacitor hermetically sealed in 
metallic cases insulated from the electrodes. It is the type 
designated by MIL-C-25A as characteristic K, intended 
for operation at 125 C as compared with 85 C for other 
capacitors. 

Because the intent is to obtain superior capacitors, cer- 
tain limits of MIL-C-25A must be extended and the per- 
missible failure rate caused by these environments re- 
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duced. In addition, some types of environment must be 
added and operation under a combination of environ- 
mental conditions must be considered. 

The limits specified in MIL-C-25A were considered 
adequate at the time of publication. Since then, however, 
more severe environments for electronic parts have de- 
veloped in missiles and jet aircraft. Missile usage involves 
the concept of electronic reliability to a degree never 
before warranted. It should be noted that aircraft elec- 
tronics systems suffer a failure rate that is of immediate 
concern to the user. (1)* Missile electronics certainly 
have a failure rate no less, with the disadvantage that the 
failed components are generally non-recoverable. 

Perhaps the simplest viewpoint of the reliability con- 
cept is where reliability is expressed as the difference be- 
tween unity and failure rate. (2) As an example, if a 
group of 24 capacitors were subjected to MIL-C-25A quali- 
fication tests and only one failure occurs, then the failure 
rate is %,4 or 0.0417 and reliability is 1.0—0.0417 or 
0.9583 (95.83 per cent). This may seem to be good until 
400 capacitors per missile are considered. The overall 
capacitor reliability figure (where each capacitor failure 
would cause total failure) per missile is equal to 
0.95834 or 0.0000000398 (0.00000398 per cent). 

With this reliability figure combined with similar reli- 
ability figures of the many other parts, the missile would 


“Italic numerals in parentheses apply to Cited References at end of article. 


Characteristics of Capacitor 
Cited as Example 
Description: Fixed, paper-dielectric, hermetically 
sealed in tubular metal case. 
Specification: MIL-C-25-A, characteristic K. 
Temperature range, deg C: —55 to +125. 
Capacitance range, mf: 0.001 to 1.0. 
Rated voltage range, volts: 100 to 400. 
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have an infinitesimal chance of a successful flight. Obvi- 
ously, the reliability figure is weighted. Consideration of 
the weighted factors shows that if a missile is energized 
and is working satisfactorily, the probability of success- 
ful operation through launching and several seconds of 
flight remains high. Prior to actual launching, however. 
several failures may have occurred and these may be 
difficult to diagnose and repair. Further, handling, ship- 
ping and storage has not been as severe as might be ex- 
pected with full-scale production and usage. It is not too 
difficult to visualize the effects of long-term storage, rough 
shipping and careless handling that may occur in high 
production. Degradation will be severe and rapid, and 
reliability will drop. Further, it should be noted that the 
MIL-C-25A tests do not include the environments com- 
mon to missiles in flight. Although for most missiles the 
time factor of exposure is short, in the near future it will 
be necessary to provide for long-time flight environments. 

If it is desirable to provide a quantity of 400 capacitors 
with an overall reliability of 96 per cent or higher, then 
the failure rate must be approximately 1 per 10,000. It 
is close to impossible to provide a series of tests and 
sufficient samples from all suppliers to prove any of them 
capable of meeting this figure. However, it is possible to 
evaluate suppliers before any tests are made. The choice 
of samples for testing can then be narrowed to those of 
two or three. 

Success in choosing manufacturers of high quality 
capacitors will depend largely on an understanding of the 
processing and assembly procedures, the design philos- 
ophies, and materials used by them. Capacitors manufac- 
tured by various companies are of generally similar con- 
struction. (3) Two metal foils approximately two-tenths 
mil (0.0002 in.) thickness separated by one or more layers 
of kraft paper are wound in roll form on a mandrel, leads 
are attached to each foil, and the roll is assembled in a 
metal case with hermetic end seals. The external dimen- 
sions are fixed to limits imposed by MIL-C-25A. and the 
capacitors of various manufacturers are to all appearances 
identical. 

The foil is generally aluminum for 125 C capacitors 
(characteristic K) and is obtained from five major 
sources, all of which are of high quality. 


Dielectric Paper 

High quality kraft condenser paper is available from 
at least four paper mills in thicknesses as little as 0.0002 
in. There is little difference in the chemical or mechanical 
characteristics of the top quality papers insofar as manu- 
facturing techniques are concerned. However, the papers 
vary considerably in electrical properties from batch to 
batch. These variations are due in part to the “crepe” 
of the paper, electrically conducting particles and pinholes. 

A more detailed discussion of paper structure is avail- 
able in the literature. (4) Fig. 1 is a simplified diagram 
of a sectioned 0.0003-in. paper as it might appear under 
a microscope. This paper measures 0.0003 in. in thick- 
ness, but part of it is substantially less. As a physical 
barrier or shim. it will easily pass nominally as 0.0003 in. 

Electrically, the paper of Fig. 1 will react in a way 
dependent upon the number of pinholes and conducting 
particles, and the minimum thickness. High quality paper 
will have a “few” pinholes, and may be from zero to 4 or 
5 per sq ft. Since condenser paper contains no sizing, 
these pinholes are an electrical path. 
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Fig. 1 (Above)—Typical enlarged cross section of high 
grade kraft dielectric paper as used in capacitors. Note 
the conductive particles at A, B and C, and the pin hole 
at D, all of which contribute to voltage breakdown. 


Fig. 2 (Right)—Distribution curves for voltage break- 
down of paper in one and two layers. 


Fig. 3 (Extreme right)—Comparison of voltage break- 
down values for capacitors having two and three layers 
of 0.0003 in. kraft paper. The foil area in each case is 
186 sq in. Quantity is 300 units for each curve. 


Conducting particles occur in greater number than the 
pinholes, and are more uniformly distributed so that gen- 
erally there will be several per sq ft. A conducting particle 
may be of such size and location as to be a “short,” or 
may be totally imbedded in the paper. When the particle 
is embedded, it lowers the electrical breakdown voltage 
of the paper to a value dependent upon the remaining 
thickness of the paper. For example, particle A of Fig. 1 
would cause a failure at a much lower voltage than par- 
ticle B, even though both are of the same size. 

If many samples of paper of equal areas are subjected 
one at a time to a voltage breakdown test, the curve of 
breakdown voltage vs number of samples may have the 
general appearance of curve A in Fig. 2. 

The low voltage failures are due to direct shorts, near 
shorts and pinholes. As these low voltage failures are due 
to random distribution of particular types of failure paths 
and are few in number, the greatest failure rate occurs 
about a mean which has a considerable voltage gradient. 

When samples are tested in two layers, the curve would 
have the general appearance of curve B, Fig. 2. Note the 
appearance of the low voltage failures as compared to 
curve A. This difference is due to the random distribution 
of pinholes and particles so that seldom do any two line 
up to produce a conductive path. The average voltage 
breakdown is higher because with the layers in series 
there is a good chance of covering a particle in one of the 
layers with a layer of good paper. If the paper were 
tested in three layers, the low voltage failures would ap- 
pear at a much lower rate. 

When several hundred samples have been tested for 
breakdown, the capacitor manufacturer can establish a 
working voltage for the paper. This is such that at maxi- 
mum temperature and at the rated flash test voltage (usu 
ally twice rated working voltage) only the weak dielectric 
capacitors are destroyed. The impregnant, winding tech- 
niques. number of layers, and area of foil all influence the 
appearance of the breakdown curve. Fig. 3 compares the 
results of voltage breakdown tests on 2-layer capacitors 
and 3-layer capacitors wound from the same paper and 
viven identical assembly and impregnation treatments. 

The ultimate failure of paper under voltage stress is 
strongly influenced by its moisture content. It has been 
shown that paper 


used for transformer construction 
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should have a definite moisture content at the time of 
impregnation if long load-life is to be expected. (5) This 
is also true for capacitors. It is important that the capaci- 
tor manufacturer supply sufficient information to show 
that moisture content data has been accumulated and 
properly evaluated. To properly control the moisture con- 
tent, it is necessary to store the paper and wind the ca- 
pacitors in air conditioned rooms. If the moisture content 
has been controlled properly, the impregnation will adjust 
the final value of moisture to be within the limits deter- 
mined to be optimum. 


Iimpregnants 


Impregnants are of three major types for 125 C capaci- 
tors. The preferred impregnant is polybutene (or polyiso- 
butelene) due to its high viscosity at 125 C. Two other 
impregnants are silicone oil and a special, highly refined, 
mineral oil. The mineral oil is not suitable at 125 C 
where vibration is a problem due to its low viscosity at 
that temperature. Silicone oil is available in a wide range 
of viscosities. Due to its easy handling characteristics, a 
silicone fluid of 100 centistokes is used by at least one 
manufacturer. This viscosity approximates SAE 10 motor 
oil at room temperature. Although silicone fluids have an 
excellent viscosity-temperature relationship, at 125 C the 
100 centistoke fluid does not have vibration damping 
equal to polybutene. In the small capacitors where an ex- 
pansion bellows is not practical, the temperature coeffi- 
cient of expansion of silicone fluid may cause mechanical 
failure of the seal at elevated temperatures or allow elec- 
trical failure due to internal flash-over at low temperatures. 

Polyester and epoxy resins show under certain condi- 
tions promise of being excellent impregnants. However, 


caution should be exercised in their use. The nature of 


resins is such that internal voids in the capacitor roll some- 


times occur. This may lead to corona, with consequent 
noise and dielectric failure, particularly when capacitors 
rated higher than 400 volts are tested. Load-life tests on 
such capacitors indicate random failures scattered over 


the test duration. 


Construction Methods 


There are two general types of capacitor roll construc- 
tions, the inserted tab type and the extended foil type. 
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These are illustrated in Fig. 4. Inserted tabs should gen- 
erally be avoided due to several inherent degrading fac- 
tors. These include looseness of the roll, pressure contact 
only between tab and foil, characteristic weakness of the 
tab-to-lead weld, and lack of adequate “blocking” of the 
roll. In an extended foil capacitor, soldering the entire 
edge of the foil to the lead wire has several advantages. 
The roll is more solid, blocking is more easily accom- 
plished, the lead acts as a support, and thers is a very 
good electrical between the roll and lead. 
These characteristics all improve capacitor performance 
under vibration by eliminating noise, variable internal 
resistance, and broken tabs. W The sre high reliability is im- 
portant, extended foil capacitors should be used. 

The permissible voltage gradient should be reduced as 
the capacitance increases because of the larger area in- 
volved. The reason is that breakdown occurs at a weak 
point in the paper and the chances 
increases with the area. 


connection 


of such occurrence 
When the manufacturer sets the 
manufacturing specifications for each capacitor, he must 
also determine that the voltage rating of the dielectric is 
adequate for the value of the capacitor. On the other 
hand, the case dimensions have been standardized by 
MIL-C-25A. To meet this limitation, the larger capacitors 
must be wound with fewer layers of paper, and as a result, 
the dielectric is subjected to a higher electrical stress. 
Fewer layers of paper also mean less area, but voltage 
eradient failure rises at a greater rate than reliability 
increase due to area decrease. MIL-C-25A allows a reduc- 
tion in voltage for the load-life test in order to pass ca- 
pacitors above a certain value of capacitance. 

The critical points for each manufacturer is dependent 
upon the design philosophy. For example, a 0.1-mf, 400- 
volt capacitor may be wound from three layers of 0.0003- 
in. paper by one group and from two layers of 0.0004-in. 
or 0.0005-in. paper by another. Because of pinholes, etc., 
the first has two effective layers and the second has one 
effective layer for voltage gradient. At 400 volts, the first 
is stressed at 667 volts/mil and the second is stressed at 
800 volts/mil. While this seems to be a small difference, 
it has exceeded a critical value for two-layer construction 
for a capacitor of that value. This may be shown by ex- 
tended load-life tests. The two-layer capacitors will have 
a rate of failure greater than those of three layers. Also, a 
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1.0-mf, 100-volt capacitor may be constructed ot two 
layers of 0.0002-in. paper. This means one layer is 
stressed at 500 volts/mil. Because of the MIL-C-25A di- 
mension limitations, this capacitor is stressed over a safe 
value. To make it equally as good as the three-layer 0.1-mf 
capacitor above, it should be stressed at 350 volts/mil 
maximum, or rated at 70 volts working. Another impor- 
tant part of the design philosophy is the determination of 
the margin or extension of paper beyond the end of the 
foil. Proper design would have sufficient paper margin so 
that the flash-over voltage is in excess of the mean dielec- 
tric breakdown voltage. The higher the flash-over voltage, 
the lower would be the failure rate since both types of 
failure must be considered additive in determining the 
final reliability. Ideally, all failures would be due to di- 
electric breakdown. 

The final assembly operation of the capacitor is solder- 
ing. The solder should have a high melting point and 
have high shear strength at 125 C. An excellent material 
for this purpose is pure tin. (6) In the assembly of ex- 
tended foil capacitors, the lead wire should be formed 
and centered on the end of the capacitor roll when it is 
soldered. The seals are usually soldered into the case by 
induction heaters. One lead may then be soldered to the 
seal, leaving the other lead open for the impregnation 
process, 

The amount of impregnant used and the conditions of 
soldering the seal hole are important for the following 
reasons. If a full capacitor were sealed at a temperature 
less than the operating specification temperature, the end 
seal would shatter under the internal pressure developed 
by the impregnant when operating hot. At the other ex- 
treme, at low temperatures, a void is developed by the 
contracting impregnant and the danger of internal flash- 
over exists. Obviously, the soldering and impregnation 
procedure must be carefully engineered for satisfactory 
operation over the required temperature range. 

Evaluation involves discussions with the manufacturer 
to determine his background, quality control level and 
type of workmanship used. 


Testing 


Final inspection procedures alone do not separate poor 
from top quality units. One reason is that each severe test 
weakens the parts that pass the test. In addition, they do 
not duplicate all of the simultaneous environment to 
which the part may be exposed. Even though top quality 
materials are used, poor workmanship can cause the over- 
all quality to be low. The level of workmanship may often 
be the pride, or lack of pride, of the individual who per- 
forms some important step in the fabrication of the part. 
In turn, this attitude of the individual may be a direct 
function of employer-employee relations. 

Quality is a basic intangible, and it would be advan- 
tageous to investigate the company background and his- 
tory; the employer-employee relationship in regards to 
training, labor turnover, and other factors: and the 
philosophy, ethics and data interpolation of the quality 
control department. 

After the available sources have been narrowed to three 
or four, approximately 166 capacitors of each value to be 
tested should be purchased from each for testing. The 
parameters to be measured will depend largely upon 
which are deemed critical by the circuit design engineer. 
Usually these will include measurements of capacitance 
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Fig. 4—Extended foil construction (top) is used 
almost universally in capacitors for severe oper- 
ating conditions. Inserted tab construction is 
shown at the bottom. 


power factor, insulation resistance and noise. Other 
parameters may include legibility of markings, corrosion, 
adhesion of potting compound, and hysteresis. 

Much will be gained in monitoring test results if the 
test work is performed by a group specifically assigned 
to component test, and the tests are conducted in a room 
assigned to the group. By so doing, interested personnel 
are continuously aware of the status of the tests, the test 
equipment, and the variations that occur in the process 
of testing, and a more intelligent evaluation can be made. 
Frequently a test machine, such as a vibration table, will 
develop an undesired mode of operation and cause failure 
or degradation of the part under test. Unless the operator 
is aware of this, the failure may be charged to the part 
rather than the test equipment. Persons conducting these 
tests should have a familiarity with basic physics as well 
as an inherent curiosity as to how parts are constructed. 
A program of tests for evaluation should be severe and 
should cause at least partial failure of the best products 
to determine the product rating relative to other manu- 
facturers. An appropriate series of tests for capacitors of 
superior quality is listed below. It is interesting to note 
that at present at least one known manufacturer can pro- 
duce MIL-C-25A capacitors that will not suffer total 
failure when exposed to the following group of tests. 


A. Load-life test for 1000 hr minimum on 96 capacitors 
from each manufacturer in groups of six on each of four 
voltages and the voltage grouping repeated in four ovens 
at different temperatures. This will give a family of failure 
curves for temperature and voltages for each manufacturer. 
The voltages may be: Rated, twice rated, below rated and 
approximately 1.5 times rated. The oven temperatures may 
be 115, 125, 135 and 145 C. The capacitors should be 
individually isolated by resistors and suitable indicators 
used to determine failures. 
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B. Moisture resistance test four a group of 20 capacitors 
from each supplier performed by sealing the capacitors in 
a dessicator jar with 1 pt of water and temperature cycling 
the jar between —5 C and +75 C with one cycle per day. 
The capacitors should be tested for the critical parameters 
on a weekly or monthly basis until sufficient failure infor- 
mation has been recorded. 


C. A group of 50 capacitors from each supplier should 
be exposed to all of the following tests. The sequence may 
be as desired, or the group may be divided and the sequence 
varied for each group. 

1. A seal test should be made before the first test, between 
each test, and following the final test. To test for seal leakage, 
immerse the room temperature stabilized capacitor in 85 C tap 
water for a minimum of 1 min, rotating the unit so that a care- 
ful observation can be made of the seals. 

2. Ten temperature cycles between —65 C to +125 C, 3 hr at 
each extreme and a rapid change between the temperature ex- 
tremes. 

3. Vibration in each of the three mutually perpendicular planes, 
1 hr in each plane between 40 and 1000 cps maintaining a 20 g 
(rms) acceleration level. Monitor noise level with an amplifier 
and oscilloscope while the capacitor is operating at rated voltage. 
Repeat at a 30 g (rms) acceleration level if no failures occur 
at the 20 g level. Where it is possible to make vibration tests with 
temperature control, the tests should be made at both —55 C and 
+125 C. 

4. A series of shock tests consisting of five shocks on each 
face for a total of 30 shocks at both —65 C and +125 C. These 
shocks should be made at two levels, 60 g peak for 11 millisec 
and 100 g peak for 2 to 4 millisec. Energize the capacitor with 
rated voltage and monitor for noise by triggering a single sweep 
scope before impact. 

5. Expose the group to five immersion cycles of saturated salt 
water, 1 hr at —15 C and 1 hr at 95 C. Cycle the capacitors 
between baths with minimum time loss. 

6. Place capacitors on clean white bond paper and bake at 
125 C for 24 hr. Record leaks as failure. 

7. Soak capacitors at —65 C for 24 hr. 

8. Thermal shock all capacitors between boiling water and dry 
ice atmosphere, for five cycles, exposing to each temperature 
extreme for 30 min. 


Check List for Evaluating Quality Level of a Capacitor Source 


1. Paper quality (should be unsized top quality kraft) 
Sources of supply to capacitor manufacturer 
Purchase lots (jumbo roll slit to order preferred) 
Methods of storage, handling, and winding. Air condi- 
tioned rooms desirable 
Tests performed on incoming stock, during storage and 
as used 
Availability of test and evaluation data 
Test and evaluation data on voltage rating of various 
papers vs capacitance of capacitor 
2. Impregnant 
Type and source 
Inhibitor 
Storage, handling and filtering methods 
Life in tanks, control 
Test and evaluation data 
3. Foil, seals and cases 
Test and evaluation of data 
Incoming inspection methods 
1. Design philosophy 
Number of layers of paper 
End lap of paper beyond foil 
Ratio of end flash-overs to dielectric punctures 
Vendor understanding of reliability 
Reaction to request for reliability better than 0.9999 for 
all reasons 
Tin for soldering 
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9. Expose all capacitors to a 5-min 60 g acceleration test on 
each face. 


10. Perform the remaining tests from MIL-C-25A and such tests 
as may be applicable to the specific design problem. 


The failure data from the above tests will undoubtedly 
indicate the product of one manufacturer to be superior 
in most parameters and by observing the trend of failure, 
the design engineer may choose the most suitable product 
for the specific application. Although the evaluation pro- 
cedure described does not determine a reliability rating, 
the most casual observation of the test data will show a 
wide range of magnitude in the reliability of products. 
The accompanying check list may be used as a guide in 
evaluation procedure for capacitors intended for the more 
severe environmental conditions encountered in missile 


flight. It may also be adapted to other products and con- 
ditions. OoO0O°O 
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5. Workmanship 
Labor turnover 
Average employee seniority g 
Training of employees 8 
Feedback of failure data to employees 
Employee understanding of job function 
Working conditions, employer-employee relations 
Piece work or quality stressed by production 
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6. Quality Control ‘ 
Actively practiced 
AQL level 
Process control and frequency of tests during assembly 
Feedback of failure data 
Ethics of shipping lots with heavy failures 
Data evaluation 
Test methods, electrical 
Test methods, mechanical 
Test methods, environmental 
Data available to customer 


7. Company reputation and organization 2 
Financial rating 
Years of service 
Capital equipment 
Engineering department organization 
Test department organization 
Data accumulation philosophy 
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GENERAL ELECTRIC COMPANY 


Numerical Positioning Control 


Automatic control uses punched business 
machine cards to store digital data 

which through a system of command and 
feedback selsyns are translated to 
electrical analog form to control positional 
movements of machine tools. Application 


to turret punch press described. 


NUMERICAL PosiTIoNING CONTROL is a new automatic 
control system that uses punched business machine cards 
to direct machine tool operations. Developed by the Spe- 
cialty Control Department of General Electric Company, 
it is adaptable for use on a wide variety of metal-working 
machines, including turret-type punch presses, shears, 
riveting machines, placement machines, milling machines, 
boring machines, drills and lathes. The control is de- 
signed to give the ultimate user increased machine produc- 
tivity, higher machine speed and greater accuracy since 
it eliminates the human factor. Spoilage is reduced for 
the same reason. While little machine modification is 
necessary for its use, its main application will be to 
original equipment. 

The control is primarily applicable to a machine which 
must be positioned from one point to the next without 
machining being performed between these points. A punch 
or drill press is an example of this type of machine. The 
control is also suitable for machines where machining 
is performed on one axis at a time, such as step turning 
in a lathe. It is particularly suited for control of produc- 
tion machines on which a moderate number of pieces of 
one type are to be made, since it is simple to change from 
one variation of product to another simply by providing 
another deck of director cards. The ratio of machining 
time to the time required to obtain a position usually 
is an important consideration in the economies of the 
control application. In general, when this ratio is low 
using conventional methods, the advantages of numerical 
control become more apparent and justify the added 
cost of the direction system. At least three motions can 
be controlled simultaneously and in some applications 
additional motions may be added. Machine directions 
that would normally be programmed include tool selec- 
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tion and indexing, sequencing of operations and initia- 
tion of material handling cycles. 

Positioning accuracies of + 0.010 in. can be obtained 
without difficulty. Where accuracies are required down 
to + 0.001 in., the machine-control combination must be 
designed with increasing care. The control is suitable 
for any partial length of travel of a machine motion. 
For linear accuracies of 0.01 in., a motion speed of 
300 to 400 in. per min is easily possible. For increased 
accuracy it is necessary to limit the motion speed approx- 
imately in proportion to the required increase in accuracy. 

The control is basically a closed-loop servo system in 
that it brings into balance feedback “error” signals with 
input commands. The director is a digital-to-analog con- 
verter in that numerical data are transferred into revolu- 
tions of gearing or feed screws. 

The control reads positioning directions from punched 
holes in standard business machine cards. The directions 
are converted into positioning signals which direct the 
machine to the correct machining location. This is done 
through a system of command and pick-up selsyns or 
synchros. Each command selsyn is electrically tied to a 
position-sensing selsyn which is geared directly to a con- 
trolled machine member. The rotor voltage of the com- 
mand selsyns is proportional to the angular positioning 
error between the two electrically tied selsyns. Thus, cor- 
rect positioning is accomplished by moving the machine 
member until this positioning error is zero. 

As the first card is read, the machine positions itself 
accordingly, and the machining operation takes place. 
While this is taking place, the next card is being read, and 
as soon as the first operation is completed, the machine 
moves to its next position. In some applications, however, 
such as a lathe, machining can occur during the position- 
ing motion. If desired, the machine action may also take 
place before the positioning occurs. 

Standard card processing equipment, Fig. 1, is used for 
punching, sorting and stocking the cards. Positioning in- 
formation is punched into the cards in decimal form and is 
not coded. This permits the operator to read directions 
directly from the card. Each card, Fig. 2, contains complete 
information for at least one machining operation. The 
cards also have space for a number of miscellaneous di- 
rections, such as operator’s instructions, in addition to a 
variety of machine functions. 

The new control consists of a director, control panel, 
position selsyn feedback units and d-c motor drives for the 
position motions. The panel includes electronic and mag- 
netic circuits required to compare the command and 
feedback selsyn signals, plus power conversion elements 
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Fig. 1—Standard business machine being used to punch 
digital data on cards to be placed into director of 
General Electric’s Numerical Positioning Control. 
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for the d-c motors. The feed drives run at a pre-set top 
speed—then automatically slow down to a speed propor- 
tional to the distance from the desired position as it is 
approached. To reduce positioning errors caused by feed- 
back in gearing, the control can be built to approach 
the card-selected positions from the same direction—re- 
vardless of direction of approach. All positions are meas- 
ured from a zero reference point, rather than from a 
previous position, to help prevent any possibility of 
cumulative position error. 

The system can best be explained by describing its 
first application to the automatic control of a Wiedemann 
turret-type punch press, installed at General Electric’s 
Philadelphia Works for study and development of the 
system. The work to be performed on this machine is to 
punch varishaped holes into flat steel sheets used in the 
manufacture of low-voltage switchgear panels. These holes 
must be located on the sheet in two coordinate dimensions. 
Since a number of different shaped and sized holes are 
called for. ranging from 14 in. up to 6 in. diam, it is also 
required to select the specified punch from a total of 32 
punches available in the rotary turret head. The require- 
ments then on this machine were to position two table 
motions and select a specified punch by rotating and lock- 
ing the turret. 

On a machine of this capacity (80 tons) the turret head 
weighs about 5000 lb and requires power to rotate the 
selected punch and die set into working position. A power 
indexing control for the turret head had been worked out 
by Wiedemann several years ago using General Electric 
components.* This servo system then used a selsyn to 
feed in positioning signals set manually and an amplifier- 
discriminator circuit for detecting the angular error be- 


* “Servo Control Positions Punch Press Turret’? by Walton Rainey, Etectrricar 
Manvuracturinc, April 1952, page 104. 
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Fig. 2—Sample tabulating card punched to control co- 
ordinate positioning movements of work table and punch 
selector on turret head punch press. 
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tween the selected turret position as indicated by the 
manual selector unit and the actual position of the pair 
of turrets as indicated by a second selsyn. A similar servo 
system is used at present both for turret indexing and for 
the rectilinear coordinate positioning movements of the 
work table. 

The general arrangement of the machine is shown in 
Fig 3. It includes two table motions: in-and-out, and cross- 
wise. The in-and-out motion has a travel of 48 in. and the 
crosswise motion, 80 in. The work sheet is held by clamps 
on the crosswise motion and is located by stops which 
represent the zero index points for each motion. The 
sheet is carried between the upper and the lower turrets 
and positioned with respect to the centerline of the select- 
ed punch. 

With manual control, an operator positions the table 
motions by handwheels, observing ruled scales on each 
motion to deterinine positions taken from an X-Y coordi- 
nate chart. Turret positioning is done manually or auto- 
matically. In most cases the operator must position both 
table motions for each punching operation and often the 
turret as well. The punching time is short—approximately 
1 sec—so that most of the operator’s time is involved in 
positioning. Although manual operation is not physically 
difficult, it requires constant attention and it is hard to 
produce accurate work at high speed for a prolonged 
period of time under these conditions. 

With numerical control, the operator initiates the con- 
trol and the first card directs the table motion to the load- 
ing position and stops the machine. The operator then 
clamps the steel sheet on the table and initiates the control 
again. All positioning and punching operations are then 
automatically performed until the piece is completed and 
the machine table is returned to the unloading position. 
If it should be required to stop the cycle during the 
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sequence, as for example to reverse the sheet, this stop 
can be programmed into the cycle. 

To accomplish this control the machine had to have a 
means of data storage; a means of interpreting the data; 
a method of indicating position; control circuitry for 
checking and amplifying signals; and the required feed 
drives. Power drives used are d-c gearmotors, and because 
the horsepowers required are small—!, to 1/4, half-wave 
thyratron control with armature-voltage feedback is used. 
Amplidynes could be used for control of larger motors. 

Data Storage. The form of data storage used is Rem- 
ington-Rand tabulating cards (Fig. 2). Information re- 
quired for positioning the three motions along with other 
information pertinent to the operation of the machine is 
punched in the cards by a standard key punch (Fig. 1) 
under X-axis, Y-axis and turret position. The positioning 
information can be read off a blueprint or table of co- 
ordinates. The remaining information punched into the 
cards includes drawing and part numbers, card sequence 
checking, machine instructions, such as “position but do 
not punch” (used for loading, unloading or clamp chang- 
ing), “do not position or punch;” operator’s instructions 
(such as move clamps or rotate work piece), etc. 

Data Reading. In the card reader, a card from a 
deck in the feedhopper is automatically fed into the read- 
ing pin box where mechanical pins push through any 
holes punched in the card and become locked. This 
mechanical stroke operates switches for the machine func- 
tions and transfers mechanical motion to other locations 
through flexible cable. Each digit in a position column 
may be represented by a small selsyn transmitter (com- 
mand) which is accurately positioned through the me- 
chanical reading of the card information. Thus a digital 
array of analog units is used to interpret the data and 
furnish the electrical input to the system. The number of 
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Fig. 3 (Left)—Numerical Positioning 
Control system applied to a Wiede- 
mann turret punch press, showing 
work sheet gripped by clamps on left 
edge. 


Fig. 4 (Right)—Stack of punched 
cards being loaded into card reader 
and director. Manual electrical con- 
trols are on top of console. Photocell 
stops positioning of worktable should 
operator enter work area after cycle 
is initiated. This is definitely robot 
operation. 


Fig. 5 (Extreme right)—Heart of the 
director system is a group of position- 
ing command selsyns (See Fig. 6) that 
are racked 360 deg each cycle and are 
stopped on the return motion by card- 
directed pins at one of 10 angular 
positions. 


useful digits is limited, as in other digital systems, only 
by the mechanics performing the transformation. Numbers 
containing more digits are obtained by merely adding 
selsyns for units, tens, hundreds, etc. By gearing the 
selsyns, the information punched on the cards may be 
mutiplied or divided. 

Initiating Commands. Fig. 4 is a close up of the 
card reader and director. As each card is fed into the pin 
box all command selsyns are carried around to a chosen 
starting point (approximately one full revolution away 
from their zero position). This is done through a con- 
necting chain drive from a single motor and friction 
disks in a director unit, Fig. 5. After the card is read the 
selsyns return toward their zeros until they strike a stop 
pin which has been se‘ected from the card information. 
These stops are locate{ at ten equal points throughout a 
selsyn revolution representing digits 0 through 9. How- 
ever, if a stop should fail to be set the selsyn will continue 
on around until it strikes a “fail-to-read” switch which 
will automatically stop the action. 

Although each command selsyn is individually position- 
ed by the reading mechanism, these mechanisms are inter- 
connected by gearing in such a manner that selsyns 
representing the smaller parts of a number react on the 
selsyns representing the larger parts. That is to say, the 
selsyn representing units part of the number reacts on the 
selsyns representing 10’s, 100’s, or 1000’s and the hun- 
dredths selsyn reacts on the tenths and units selsyns 
as well. 

In order to remain digitally correct the gearing used 
for this interconnection has a 10:1 ratio. Hence, one 
revolution of the unit selsyn produces 1/10 of the 10’s 
selsyn and this in turn produces 1/100 rev on the 100’s 
selsyn. As an example, in Fig. 6 the positions for four 
command selsyns representing the number 183.5 are 
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analyzed. The system is so arranged that all settings are 
made at once, requiring approximately 1 sec. 

Position Indication. As there are four command 
selsyns, there must also be four position selsyns for the 
one motion. 


However, different motions may require 
different numbers of selsyns from one on up depending on 
the accuracy, speed, and length of travel. 

The position selsyns are normally connected directly 
to the driven motion so the any backlash or windup in 
the drives is inside the servo loop. Yet, in this par- 
ticular application the selsyns are geared to the shaft 
carrying the pinion which drives the racks on the table 
motions. Thus, some of the backlash is outside the loop. 

Since each position selsyn is matched to a command 
selsyn which represents a definite decimal part of a 
number, the position selsyn must represent decimal 
lengths. In this application, the lowest speed selsyn is 
geared for 1 rev per 1000 in. travel; the second, 1 rev per 
100 in.; third, 1 rev per 10 in.; and the fourth, 1 rev per 
in. If greater accuracy were required, another selsyn 
could be added for 1 rev per 0.1 in. and so on, up to the 
mechanical limits. Fig. 7 shows a typical four speed posi- 
tion selsyn unit. 

In the example used, the command selsyns were posi- 
tioned to the number 183.5 For the gearing indicated 
above, this indicates a position of 183.5 in. Consequently, 
the slow speed selsyn will be 0.1835 rev away from a zero 
reference; the second sped selsyn will be 1.835 rev off 
zero; the third speed is 18.35 rev away, and the high 
speed selsyn must make 183.5 rev. If, however, the previ- 
ous position called for had been 150 in. then the angular 
errors would be the difference between 183.5 and 150 or: 
0.0335, 0.335, 3.35 and 33.5 rev respectively. In both 
cases the positioning is from a zero reference and no 
accumulated errors can exist. If the previous position had 
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been 200 in. the same procedure is used to determine the 
angular errors but the sense of the total error is now 
reversed. 

The slow speed selsyn—l rev per 1000 in.—cannot 
represent a distance greater than 500 in., practically about 
450. This limit is set to prevent the reversal of the signal 
sense as the distance increases. Should the sense reverse, 
the machine would try to position in the opposite direc- 
tion from that desired as measured from the zero refer- 
ence. Hence, the maximum dimension must be 4.5, 45, 
450 in. or whatever is required to cover the desired ma- 
chine travel. This can, however, be altered by proper 
gearing on the command and position selsyns. 

The turret does not have this limitation since it has 
rotary motion. In this application two selsyns are used 
to set the turret position and are set to one part in 10,000. 

Signal Mixing. In this application, four selsyn signals 
must be combined in such a manner as to produce a 
single signal which has the correct sense and, up to a 
given displacement, an amplitude proportional to dis- 
placement. This would appear difficult to achieve since 
the higher speed selsyns make more than one revolution 
while synchronizing, thus, producing maximum signals 
of opposite phase sense several times as the desired 
position is approached, 

This requirement is accomplished in a circuit designed 
so that the slow speed (1000 in. per rev) selsyn has con- 
trol until it is close to correspondence, at which time the 
control is transferred to the next higher speed selsyn. 
Due to the 10:1 gearing between selsyns, when the 1000 
in. per rev unit is 18 deg off position, the 100 in. per rev 
unit is 180 deg off. Somewhere, and in a gradual manner, 
between 18 deg and about 5 deg the 100 in. per rev unit 
assumes control. In a like manner the 10 in. per rev unit 
takes over and finally the 1 in. per rev unit takes over 


125 











































START — 


3 Aooess 1 Foo 





8 oO REV 9 - REV 
as 
ne 2 7 
, - 6® -¥ , 
54 . 5 4 
183.5-66.06° 83.5-300.6° 3.5-126° 


and brings the system into correspondence. The output of 
the mixing circuit remains essentially constant for large 
errors and has a modulating zone on each side of the null 
point—in this case about = 1 in. 

The four-selsyn motion described above is shown in 
block diagram form in Fig. 8. The signal from the mixing 
circuit is the error signal which guides the actions of the 
rest of the circuitry. This signal is amplified and dis- 
criminated which results in a d-c signal of a polarity and 
magnitude depending upon the amount and phase of the 
error. This is followed by a stabilizing network after 
which further amplification results in the d-c power drive 
moving the machine to the correct prescribed position. 

During positioning a speed signal is fed back into the 
control to improve stability. In this application the motor 
armature emf is used as the speed signal. This is a true 
indication of speed at the moment of firing the desired 
thyratron since the motors are half-wave controlled and 
the previous firing transient will have died out before 
the next cycle occurs. 

Machine Cycle. The above explanation referred to 
single motion positioning. For the rotary turret press there 
are three motions, all three of which are punched into one 
card and read simultaneously. Since each motion consti- 
tutes a complete system, all three motions position at the 
same time. Depending upon the distance to be travelled. 


Position 
Selsyns 


Command 
Selsyns 







Multispeed 
Selsyns 
10:1 steps 





Fig. 8—Block diagram of 
positioning system elements 
for a single motion on turret 
punch press, using four sel- 
syns geared together. 
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, Fig. 6—Example of the positioning of 
93 command selsyns for number 183.5. The 
selsyn representing hundreds will be 

set at 100 by virtue of the fact that its 

= REFERENCE No. 1 stop would be actuated. This is 


1/10 rev or 36 deg off zero. The selsyn 
representing tens will stop at 80 or 
d2 8/10 rev. By the 10:1 gearing between 
this unit and the mechanism positioning 
the 100’s unit, the 100’s selsyn will be 
rotated an additional 8/100 rev—an 
amount equivalent to the number 80. 
It is now carrying the number 180. The 
third or units selsyn is positioned at 3 
or 3/10 rev, and the tenths reading is 
positioned at 5. In the same manner 


however the various motions reach correspondence at dif- 
ferent times. To insure that the punch cycle will not begin 
until all motions have stopped, an error monitoring cir- 
cuit is included. This machine contains both top and bot- 
tom coaxial turrets which are driven by the same motor 
but by separate chains on individual axles. To insure that 
these turrets are perfectly aligned it is necessary that 
locking pins be used. As soon as the turret locking pins 
are set pneumatically the punch cycle is initiated through 
the action of the error monitoring circuit. At the same 
time the card feed cycle is started. Consequently, while 
the machine is in the process of punching the information 
dictated on one card, the next card is automatically being 
fed into place and read for the next punching operation. 

During the punch operation the selsyns are de-energized 
and the motor control-loop contactors are opened so that 
no motion can take place. This becomes necessary because 
the command selsyns are being positioned for the next 
operation. Even if the loop contactors were opened the 
selsvns should not be energized because the circuitry 
would try to follow the action of the command selsyns and 
possibly be preconditioned with the wrong sense. This 
would be especially true if the punching operation is com- 
pleted before the card reading is finished. 

Loss of Power. With this system the loss of power is 
of no concern. If power is removed during any part of a 
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Mechanical feedback 
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_ within the range of the selsyn accuracy. 


through the 10:1 gearing these settings 
react on the higher numbers to set the 
units selsyn at 3.5, 10’s at 83.5, and 100’s 
at 183.5. It may be seen trom this that 
the 100’s selsyn carries the complete 
number and the units selsyn is posi- 
tioned to 1/100 rev or 3.6 deg. It is 
the setting of this selsyn to which the 
final positioning is made. This is well 


Fig. 7 (Right)—Selsyn pickup unit 
used for measurement (feedback) of 
table position on Weidemann turret 
punch press. 


cycle it is only necessary to push the “Control On” button 
when power is reapplied to continue the operation. It is 
not necessary to restart from the beginning. 

It is also possible to place the control on “Hand” 
operation while running through a deck, move the various 
motions to any other point: and return the control to 
“Auto” at which time it will immediately return to its 
previous position and continue through the operations. 
If, however, the machine should ever fail to punch when 
required, the card reader will stop. 

Card Preparation. Since. in this application, clamps 
hold the material in place it is necessary to be sure that 
no position called for coincides with a clamp position. 
This layout planning is done when the cards are prepared 
so that the sequence of events is known. The clamps may 
then be moved at the proper time or the material turned 
over to prevent interference. This requires that the cards 
be read in a given sequence and hence a sequence check 
is included. As each card is read its sequence number is 
noted and compared with that established by the card 
reader. If the card should be out of order the machine 
stops and an indicating light is lit. 

By reading the cards in a definite order the machine 
operation may be halted at specified points, and through 
the illumination of an indicating light the operator is told 
to check his planning card. The sequence checking func- 
tion is set up so that other cards may be added without 
interferring with the sequence checker. This is done by 
punching appropriate holes in the cards. The machine 
operator may then insert cards for additional holes or 
other functions. If for any reason the sequence becomes 
disrupted, the operator can reset the sequence to any de- 
sired number by means of manual switches provided on 
the control console. 

Although essentially an electronic control there are in 
the circuits approximately 80 relays and less than 50 elec- 
tronic tubes—14 to 16 per motion. The large number of 
relays and contactors are necessary to perform such func- 
tions as card sequence checking, card feed errors, error 
monitoring, in addition to various other machine func- 
tions. 

Operating Results. Experience indicates that the 
time required for a punch cycle—one punch to the next 
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will vary between 2 and 8 sec depending upon the distance 
to be travelled between punches. The average time for a 
normal run is between 3 and 4 sec per punch. This indi- 
cates the automatic machine is about three times faster 
than the manual machine; but. due to loading, unloading, 
clamp changing, etc., this is reduced to an overall increase 
of approximately two times on a short term basis. Over 
longer periods of time the advantage of the automatic 
machine is increased. 

The punching accuracy of this application is greatly 
affected by the backlash in the mechanical couplings be- 
tween the drive motors and the table and turret motions. 
With the motors de-energized but coupled to the machine. 
backlash measurements indicate the X-motion to be + 
0.100 in.; the Y-motion, + 0.075 in.; and the turret, = 
%. in. measured on its periphery. Because of the large 
mass of the turret this motion was the most difficult to 
stabilize even though it only had to be positioned to + 
14 in. The locking pins provided the high accuracy neces- 
sary to insure that the punch and die match this require- 
ment. 

After the system enters the backlash zone the position- 
ing accuracy is a function of the external backlash and 
the error monitoring circuits. In order to remove power 
when the motion is completed a relay must operate when 
the signal level drops below a set amount. Thus, a neutral 
zone is created which removes the driving power while 
still slightly off zero position. In the case of the table 
motions the error relays are so adjusted that the position 
must be less than 0.010 in. before dropping out. The 
turret error relay automatically operates when the posi- 
tion is off by not more that + 4 in. 

If a considerable amount of backlash exists external to 
the position loop, a backlash take-up circuit can be in- 
cluded. This circuit operates to cause the machine to 
momentarily position slightly off from the desired final 
position, and then approach the final position at a reduced 
speed and from one direction only. 

The limits of positioning, as established, are well within 
the tolerances required for this particular machine and 
by exercising more control of its backlash greater ac- 
curacy is possible with no increase in the system costs. 

OO) 
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TODAY’S 


Fig. 1—Bendix Power-Surge clothes wash. 
er with Formica top. Porcelain enamel] 
top is also available. Control at left com. 
bines a rotary water thermostat dial with 
a push-pull on-off switch. Automatic cyele 
control is at right. 


ee 


Fig. 2—These two simplified sketches show the basic 
simplicity of the agitate and spin drive, the form 
of the energy disk and vanes and escape of soil and 
rinse water through the inner liner of the cylinder. 
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An Evectricat MANuracturtnc STAFF REPORT 


Clothes Washer 


Operates on New Principle 


Combination disk and integral blades undulating at high speed impart energy 


to water, producing a gentler but more effective washing action than for 


conventional agitators and leading to marked simplification in drive arrangements. 


TWO NEW BASIC DESIGN IDEAS are to be found in the new 
Bendix Power-Surge automatic-cycle clothes washer: one 
is a completely new washing principle; the other, a sim- 
plified mechanical design enabling automatic switching 
from washing to spin-drying cycle without the need of a 
gear transmission. 

The machine is a vertical axis type and the clothes are 
washed in a cylinder which has a perforated inner liner. 
The basic washing principle was conceived independently 
and patented by George C. Fields immediately after World 
War Il. The development machine was first viewed and 
operated in the spring of 1949 by Donald M. Strathearn, 
now director of engineering for Crosley & Bendix Home 
Appliances, Cincinnati. Refinement of the product was 
continued by Mr. Fields who now serves as a consultant to 
Bendix. The development program as of 1955 is in its 
ninth year. Shortly after the first of this year, serious 
redesign, product improvement and development were 
undertaken by the Bendix engineering department. Major 
changes were made in the drive system, resulting in the 
most simple drive used in washers today. Improvements 
also were made in water control to assure trouble-free 
service, and the addition of a perforated liner to the 
clothes cylinder has improved rinsability and heavy-than- 
water soil removal. Other improvements in mechanical 
design details led to the unit pictured in Figs. 1 and 2 
just now being placed on the market. 

Working in cooperation with Mr. Strathearn on these 
design improvements were I. E. McWethy, research engi- 
neer: George Allen, chief engineer, Laundry Division; S. 
J. Kohlman, executive engineer; Joseph Oles, washer 
product engineer; and William C. Silva, development 
engineering, of the Bendix Engineering Staff, some of 
whom are pictured. 

The new clothes washing principle uses energized water 
to wash the clothes rather than mechanical beating of 
the clothes through thrashing agitator blades. The idea 
is to get gentler yet more thorough washing action by 
moving water through the clothes rather than the reverse. 
The problem resolves itself into coupling the energy of an 
impeller to the water—a sort of mechanical impedance 
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matching. This is done through an energy disk and 
integral impeller blades that traverse a relatively short, 
complex path at high speed—approximately ten times that 
of a conventional agitator. It is this rapid action that 
results in imparting energy to the water rather than 
direct impact on the clothes, giving more thorough wash- 
ing action but gentler treatment of textiles. An important 
by-product is that washing and spinning can be performed 
at the same shaft speed, thereby obviating the need of a 
speed reduction unit in the drive system. Through the 
elimination of a transmission the price of the washer 
has been materially reduced. (Suggested retail price 
about $250.) 

The heart of the Power-Surge washer is the so-called 
energy disk which is placed on an axis inclined to the 
main drive shaft and which undulates as the shaft rotates 
but does not itself rotate. Atop this energy disk is the 
impeller with its three flexible vanes equally spaced and 
connected at the top by a web or lip of rubber. 

The energy disk undulates at a rapid rate and it sets 
in motion radial water waves. (The orbit of the inclined 


shaft end point is circular and the rotation clockwise 







ae 


Three engineers of Avco’s Crosley and Bendix Home Appli- 
ances Divisions responsible for refinements in design of new 
Power-Surge clothes washer: (left to right) I. E. McWethy, 
research enginer, D. M. Strathearn, director of engineering and 
S. J. Kohlman, executive engineer. 
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Fig. 3—Design details of drive 
and spin arrangements for ener- 
gy disk and cylinder. Picture 
of disk and integral impellers 
is at right. 
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Fig. 4—Friction type stabilizer fits over tube 
surrounding cylinder drive tube. Conical 
springs apply frictional snubbing action. 


Fig. 5—Centrifugal drain pump and convoluted 
entrance are attached to bottom of waste tub. 


during washing.) ‘This radial water action is what moves 
the water around in the tub. At the same time, the vanes 
or flippers are sending out a conical shape of water with 
the center of the cone the point of intersection of the 
inclined axis with that of the drive shaft. Hence, the 
farther from the center, the larger the radius of the cone 
becomes. This radial movement is an upward and out- 
ward one. 

\ third action is the up and down motion of the three 
horizontal webs that connect the three vertical vanes or 
flippers at the top. In effect. the webs pull water down and 
supply the water to the energy disk and the vanes for their 
subsequent actions, thereby preventing cavitation and 
loss of energy transfer. 

These three water actions are duplicated in clothes 
action. Clothes are pulled down at the center by the 
horizontal web. When they reach the disk, the latter 
either falls away from them or pulls them down. Imme- 
diately after that, the disk goes up. gently spanking the 
clothes in a horizontal plane. Then, as the clothes are 
pulled down by the energy disk. they are also spanked 
at a 90 deg angle by the vertical vanes. These three water 
actions in combination with the three mechanical actions 
upon the clothes are the large and heavier fixed actions 
that take place in the washing procedure. All of these are 
at extremely high speeds as compared to other agitator 
washers. For instance, the conventional vertical agitator 
oscillates through an are of 180 to 210 deg at a rate of 
30 to 60 oscillations a minute. In Power-Surge washers 
the energy disk gyrates in its orbit at the rate of 590 
to 600 cycles per min. The difference is that instead of 
having a long slow stroke which obviously thrashes the 
clothes with some severity. there are substituted short 
movements at high frequency. 

There is still a fourth water action. If the tub were 
not held securely, it would react to all of these other water 
actions. It would also react to the load of clothes within 


it and being moved about. So the fourth action is a 
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quivering action which can be felt by the person taking 
hold of the perforated inner wall liner. This quiver action 
also is at the rate of 590-600 oscillations per min. 


Mechanical Details 


The mechanical construction of the washer is probably 
the most simplified of any automatic washer built today, 
as detailed in Fig. 3. The disk and impeller assembly are 
mounted on a shaft inclined at an angle of 1014 deg to 
the drive shaft. The titled shaft is rotatable within the 
disk by means of a large ball bearing. The main shaft 
to which motor power is transmitted is mounted on two 
ball bearings, one at the top and one at the bottom. It 
is driven through a V-belt speed reduction system at 
600 rpm for wash, rinse and extraction. 

Around the main drive shaft is a tube which is bolted 
to the bottom of the clothes cylinder. During the washing 
operation, this tube is held stationary through a one-way 
brake to a stabilizer tube which incases it, thereby pre- 
venting rotation of the clothes cylinder during the washing 
cycle. Reversal of the motor and subsequent reversal of 
the main drive shaft causes a one-way drive clutch to 
engage the inner surface of the cylinder tube and rotate 
shaft and tube together at 600 rpm. Both the brake and 
the clutch are expanding-spring types. 

The energy disk and impeller are held from revolving 
with respect to the cylinder by a deformable rubber ring 
or diaphragm that interconnects the outside diameter of 
the energy disk and a formed impression in the bottom 
of the clothes cylinder. It is made of Metaxalloy, a special 
rubber of 40 Durometer hardness formulated to resist 
detergents. With this construction no seals are necessary 
in the main driving mechanism. However, to prevent 
water from overflowing into the space between the stabil- 
izer tube and cylinder drive in case of stoppage of the 
pump or drain hose, a lip type seal is utilized. 

The three ball bearings in the main drive system are a 
sealed type permanently lubricated by the bearing manu- 
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Fig 6 
tom) and pumps (top left). 


facturer. The bushing in Which the main shaft runs at the 
bottom of the clothes cylinder is a sintered powder metal 
type lubricated at the factory for life. Through the lower 
ball bearing the entire clothes cylinder, energy disk, and 
drive mechanism is mounted to the base of the machine on 
a rubber grommet which allows a limited amount of 
gyration of the cylinder during spinning when the clothes 


load is out of balance. A stabilizer with friction facing, 


Fig. 4, as an energy consuming device, retards excessive 
gyration during the critical period of vibration or reson- 
ance of the suspension. 
pressure. 


Conical springs provide the 
Should the unbalance become excessive, a 
wire hooked to a bell crank and trip switch stops the 
machine. This switch is a circuit breaker with thermal 
trip and is used as an on-off switch for the machine. 
Cylinder has a capacity of 12 gal and is made of porce- 
lain enameled steel. Inner liner with 1001 perforations 
is also of porcelain steel and is spaced *4¢ in. radially 
from the cylinder. It has space around the entire circum- 
ference of the bottom to provide for heavier-than-water 
soil ejection. The top of the cylinder has a spot-welded 
collar perforated with numerous slots in the vertical 
throat to afford good flush-away action of the overflow 
rinse. It is also perforated in the horizontal plane to allow 
curd and lighter-than-water soil to float to the top and 
overflow the edge of the cylinder without entrapment in 
the clothes. These rinsing procedures in combination 
with the perforated liner of the clothes cylinder afford 
complete rinsability if synthetic detergents, soap in soft 
water, or soap with suitable water softener are utilized. 
A porcelain enamel waste tub surrounds the clothes 
cylinder. This tub has forming in the bottom which 
causes the water to swirl to the opening to the pump, Fig. 
5, thereby assuring fast draining of either overflow water 
or wash and rinse water that has been centrifuged from 
the clothes cylinder. Pump is driven by same V-belt, Fig. 
6, that drives agitator and cylinder. The same underside 
view shows rubber mounts for the motor pictured in 
Fig. 7. It is a 14-hp capacitor-start single-phase induction 
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Bottom view of V-belt drive for energy disk and cylinder (bot- 


~ © 


Fig. 7—View looking down on panel carrying driving 


motor, drain pump and water level control switch. 


motor. The same photograph also shows the pump inlet 
and the water level control valve. 

The water control system is novel in that it is designed 
to prevent water agitation at any other than full water 
level in the cylinder. Furthermore, the control assures 
safe operation at full performance on any house water 
pressure from 0 to 120 psi. When the cycle is started, the 
clothes cylinder is filled to overflowing and a small amount 
of water flows into the pump, the water level switch and 
connecting drain hose. As soon as this water reaches a 
predetermined level in the hose, a rubber bellows trips 
a switch that starts the motor and the pump. However, 
as soon as the water is cleared into the drain hose, the 
pump cavitates and a balanced condition results that 
holds the hydrostatic switch in the agitate position. 
Later on in the cycle during overflow rinsing, the switch 
is by-passed through a control in the integral timer, 
allowing both the agitator to be energized and _ the 
cylinder to be filled at the same time. 

The water is filled into the clothes cylinder through 
a Plumbing Code approved 1-in. air-gap water fill system. 
While filling for wash and rinses, the timer motor is 
stopped to allow for filling to proper water level regard- 
less of fill pressure or flow. This water control system 
assures washing with a full tub of water. 

Other features of the washer include the time control, 
Fig. 1, which affords the user two cycles, one for “Deli- 
cate” fabrics and one for “Regular” fabrics. The “Reg- 
ular” fabric cycle includes a wash period adjustable from 
10 to 0 min, followed by an extraction period during 
which a flush period of 1 min duration occurs. This is 
followed by an energized deep rinse and during the deep 
rinse, two overflow rinses occur. In the “Delicate” fabric 
cycle a wash period of 6 to 0 min is provided which is 
followed by an extraction period. This in turn is followed 
by a deep rinse during which there are two overflow 
rinses. Water consumption is about 28 gal. In the reg- 
ular cycle, it ranges between 34 and 36 gal. A thermo- 
static valve is included. 000 
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Dryer Dries in Half the Time 


Doubling the heat input and air volume enables 


9-lb load of wet wash to be dried in 20-30 min 


IF CLOTHES WASHING CAN BE DONE in half an hour, then 
an hour is too long for drying. What to do to speed up 
the operation? 

There are these three possibilities: Provide (1) greater 
heat in input in the form of electric or gas heaters; (2) 
more air input to keep drying temperatures within safe 
limits, and (3) more efficient air circulation through the 
clothes. 

The broad design objectives and the specific answers 
were set up and supplied by design engineers of the 
Crosley and Bendix Home Appliances Divisions of Avco 
Manufacturing Corporation under the leadership of D. M. 
Strathearn, director of engineering, and J. E. Bridgeford, 
project engineer. The basic suggestion did not originate 
in sales or general management 
neering department. 


it came from the engi- 


Specifically, with a 220-volt, 3-wire power supply, two 





Fig. 1—Bendix Super-Fast Dryer brings a 9-lb load 
of spin-dry clothes down to 5 per cent moisture con- 
tent within 20 to 30 min. White finish shown is flow 
coated. Formica top also may be obtained in seven 
pastel shades. Unit measures 30 in. wide, 26 in. deep 
and 36 in. high. Self-tapping screws are used for sheet 
metal assembly wherever possible. 


1000-watt heater elements are operated in parallel on 220 
volts, doubling the heat input of a former model. For 
the gas unit, a 33,000-Btu heat exchanger is provided to 
operate on liquefied petroleum, natural or manufactured 
gas. By increasing the number of blades on the suction 
fan from 8 to 16, air delivery has been increased from 
120 to 270 cfm at 2600 rpm. A 14-hp split-phase washing 
machine motor drives the fan and the clothes cylinder 
through a common jackshaft. In older designs, air is 
drawn in over the heater at the rear back plate, passes 
through the tumbled clothes and is exhausted through the 
same front plate, reversing the flow of air within the drum. 
In the new Bendix Super-Fast dryer with through circu- 
lation, Fig. 1, air is drawn through a rear back plate 
and wet air is exhausted through an annular duct at 
the front, Fig. 2, and is returned to the rear through a 
horizontal tube. By placing the exhaust fan at the rear 





Fig. 2—Simplified sketch of dryer 8 
showing through-passage of heated 

and later moisture-laden air to 

exhaust tube, lower left. 
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Fig. 3—Detail of felt 
seal at rear of cylinder. 






Fig. 5—Drive and support roll for cylinder. Lim 
trap has been removed from exhaust tube at left, 


Fig. 4—End view of cylinder. Rear 


section is almost 


it has been possible to bring the drum forward 5 to 6 
in.. making loading and unloading easier. Halving the 
time of drying reduces the production of lint and hence 
wear on clothes. Since some 8-9 lb of water are removed 
from the load, venting to the outside is still advisable. 
Use of a through-flow system with negative pressure 
created seal problems that were solved through the use of 
a rubber lip-type gasket on the front charging door and 
felt seals at the front and rear of the clothes cylinder. 
Front seal felt is stationary and is held by a screw- 


tightened wire that nests the felt in a groove in the 


annular exhaust manifold. Rear seal, Fig. 3. is a rotating 
labyrinth type held to the cylinder with a steel band and 


engaging a cupped section of the rear panel. The latter 


115-230 volts a-c 


wholly perforated. 


Felt is a 
Drum is electrogalvanized steel and 


has a slight conical shape to avoid drumming. 
heat resistant type. 
the perforations, Fig. 1, in both heads are punched out- 
ward by ganged punches to avoid the possibility of burrs 
contacting and tearing fine garments. 

Window in charging door is dome shaped to present 
a smooth surface against which the clothes can be tumbled 
and pushed back from the outlet baffle area. Window is 
molded of a borosilicate glass and is held in a die-cast 
zinc bezel which is chrome plated. Door is released 
through a sliding latch under the nameplate. 

Support of the drum at the front is by two rollers, one 
a small trunnion idler, the other a larger drive and sup- 
port roller seen in lig. 5. Both rollers are molded in 
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rubber of 60 Durometer hardness to a tolerance of 0.008 
in. on concentricity. On its perimeter, the drive roller is 
cup shaped, flattening under full load of about 60 Ib. 
Roll diameter is selected to give a drum speed of 44-40 
rpm with a jackshaft speed of 300 rpm and motor speed 
of 1725 rpm. The idler roller bushing and the bearings 
for the jackshaft carrying the traction roll are nylon, 
prelubricated with No. 10 oil. Rear main cylinder bear- 
ing is a prelubricated sintered metal powder bushing 
engaging a stub shaft. 

The same photograph, Fig. 5, shows the lint trap door 
on the exhaust tube. made accessible by dropping the 
service door, which has an interlocking safety switch to 
stop the motor. A similar safety switch is on the charging 
door. Spring-type snap clips hold the service door shut. 

To the right of the lint trap may be seen a strap holding 
a disk-type thermostat switch. It functions to stop the 
machine should the exhaust air temperature rise above 
150 F before the cycle switch times out. Usually at the 
end of the drying cycle. maximum exhaust air tempera- 
ture will range between 120 F and 130 F. 

Arrangement of the drive may be seen in Fig. 6. Power 
from the motor to the jackshaft is transmitted by flat cog 
belt and to the exhaust fan by V-belt. 
rotated to vent exhaust in one of three directions: out of 
the rear as shown, out of the side, or through the bottom 
of the unit to a floor outlet. 

Every effort has been made to quiet the operation of 
the machine, beginning with the motor which is rubber 
mounted at the end shields and in addition has the cradle 
attached to the base through two rubber cups. 


Housing can be 


As men- 
tioned, cylinder drive is through a rubber friction roller. 
with nylon bearings. Fan blades and housing are plastics 
ry’ 

Che 


felt seals on the cylinder also tend to deaden drumming. 


and there is a rubber gasket on the fan housing. 
The exhaust fan bearings are ball type, rubber mounted. 
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Fig. 6—Rear view of unit with back removed to show cylin- 
der and fan drive and exposed electrical heating elements. 

























Fig. 7—Electrically controlled 
gas burner and ignition unit. 


The rear cylinder bushing is also mounted in rubber. 
Electrical heater is shown in Fig. 6 with cover partly 
removed. Its two 4000-watt units have coils wound of 
“A” type 17-gage resistance wire on ceramic insulators. 
Heater is purchased as With air 
flowing across the coils and cover in place temperature on 
cover is about 130 F. 


complete assembly. 


To protect against fire hazard a 
high-limit thermostat switch is placed in the cover plate. 
During normal operation its disk is wiped by air sucked 
in by the blower. Should the fan stop (belt break or 
bearing freeze) stack heat will kick out the thermostat at 
300 F within 30 sec. It operates the heater switch 
through a relay. 

An alternate gas heater, Fig. 7. fires with a long flame 
into a heat exchanger which keeps direct flame from the 
drum and its contents. It is tied into the automatic cycle 
control through a solenoid valve and in addition has a 
safety electric control to render the solenoid valve in- 
operative should the pilot light be extinguished. The 
latter operates continuously and consumes about 400 Btu 
per hour. The safety control has a thermocouple winding 
which generates sufficient current to energize a fail-safe 
magnetic pilot valve. 

Electrical power application and control are simple as 
indicated in the schematic wiring diagram, Fig. 8. With 
door switches closed and thermostat switches also closed. 
drying cycle is started through the timer switch. It can be 
set to time out at any interval up to 30 min on the dial 
scale but can be extended to a 45-min final stop for 
drying heavy materials like shaggy rugs. Lamp is a 10- 
watt interior light that burns during entire operation and 
illuminates the clothes. It has a bayonet-type socket and 
is replaceable through the service door. 


Control and 
motor wiring is 80 C thermoplastic insulated flexible con- 
ductor of 18 and 16 gage. Heater wire is 14 gage. Spade 
type terminals are used throughout. 


OOO 
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An ELectrricaL MANUFACTURING STAFF REPORT 


Applications of Pre-Plated Metals 


W hen used with reasonable care. pre-plated metals can often be 


fabricated in much the same manner as unplated metals. 


Higher cost of material is compensated for by uniform finish 


and elimination of cleaning, plating, polishing and 


painting or lacquering operations subsequent to forming. 


UNDER THE STIMULUS OF CONSUMER DEMAND, the appli- 
ance designer is continually faced with the problem of 
improving product appearance while at the same time 
keeping production costs low. Because of these cost fac- 
tors, pre-finished or pre-plated metals—especially chro- 
mium plate—have come into increasing importance as 
design materials. For many product manufacturers whose 
plating is subcontracted, or whose plant plating facilities 
are small or ineflicient, the use of pre-plated stock can re- 
sult in lower costs and higher quality. Neither pre-cleaning 
nor buffing operations are required and a uniform finish is 
guaranteed. With certain exceptions, pre-plated metals 
can be worked in the same manner as ordinary metals in 
sheet or strip form. 

Illustrated in Figs. 1, 2 and 3, are three Nesco electrical 
appliances utilizing pre-plated chrome steel for outer sur- 
faces. Both the cover and wraparound of the electric fryer, 
Fig. 1, are fabricated from this material. Ordinarily both 
parts would be made of steel, plated or painted after form- 
ing, or else of buffed aluminum. However, cost analyses 
showed that with the exception of painted parts, these 
pieces could be made at less expense with pre-plated ma- 
terials. The same reasoning led to the selection of chro- 
mium plated steel for the wraparound and back spatter 
shield of the commercial fryer, Fig. 2, and the wraparound 
of the oval roaster, Fig. 3. 

Principal among the pre-plated metals are chrome, 
nickel, copper or brass on zinc or steel; and chrome or 
nickel on brass, copper or aluminum. All are available in 
coil, strip or sheet form. Where severe forming is required 
a protective coating can be supplied in two forms, either 
as a stripping type plastics film which is sprayed on and 
stretches when the metal is fabricated, or as a pressure 
sensitive paper, adhered to the metal by a special gum, 
Fig. 4. The adhesive remains on the paper after removal. 
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Where necessary in drawing operations, allowance should 
be made for the 0.005 in. paper backing which compresses 
to 0.003 in. under die pressure. The plastics backing is 
slightly thinner. Protective coatings are not usually re- 
moved until final. assembly. Lacquer coatings can be 
supplied on brass and copper coated metals. Also avail- 
able is a recently developed thermosetting resin finish 
that provides protection against humidity, salt spray, 
acids. alkalies. perspiration and abrasion. 

Blanking. This operation is performed the same as 
with plain metals except that closer inspection and greater 
care must be exercised. Initially some time delays can be 
expected when handling the finished metal; however, after 
continued usage there is no longer any difference in the 
handling time. 

Punches and dies should be frequently checked to detect 
and eliminate rough edges. Additional die wear is negli- 
vible, when hard finishes such as chromium are worked. 
To prevent metal buildup on the cutting edges, particu- 
larly when working with the zinc-based metals, a lubricant 
of three parts SAE 20 oil to one part kerosene should be 
used. Emulsified oils are not recommended unless the 
parts are cleaned and dried immediately after blanking, 
since these oils contain enough water to cause stains or 
corrosion. 

Drawing. As a rule, if the amount of draw is sufficient 
to cause a dulling or “orange peel” effect on an unplated 
metal it will cause the same effect on a plated metal. The 
maximum depth that can be drawn before dulling sets in 
can only be determined by experimentation. The effect 
of variables such as the material used, thickness, radius 
of curvature and type of press (mechanical or hydraulic) 
prevent the establishment of any rough rules of thumb. 
For the cover shown in Fig. 1, a maximum draw of about 
14 in. was obtained before surface dulling began. 


ELECTRICAL MANUFACTURING 


fter 
the 


tect 
eli- 
ced. 
icu- 
‘ant 
| be 
the 
ing, 


» or 


ient 
ited 
The 
; in 
fect 
lius 
lic ) 
mb. 


out 


LING 





Fig. 1—Both cover and wraparound of this 
Nesco 2-qt electric fryer are fabricated from 
pre-chrome-plated steel. Protective paper coat- 
ing is removed just prior to assembly. 


Fig. 2—Pre-chromed steel is used for center 
wrap around and back spatter shield of 6-qt 
commercial fryer. Upper band is polished alu- 
minum and is an integral part of inner casting. 





Fig. 3—Wraparound of 6-qt oval roaster is formed 


A nickel or chromium plate adds about 10 per cent to 
the tensile strength of the base metal and reduces ductility 
by about the same amount. Plated steel is ordinarily 
formed at speeds slower than are more ductile metals such 
as brass, copper and zinc. Because of its slower and more 
closely controlled motion, the drawing of deep embossed 
parts has proven to be more successful when worked with 
a hydraulic press as compared to a mechanical press. 

Lubrication is important, especially where ratio of draw 
to diameter is large. Here again, soluble oils are satisfac- 
tory if parts are cleaned and dried after forming. Heavier 
viscosity oils can be used and mineral oils have proved 
satisfactory when working with chromium plated steels. 

Bending and Forming. Provided that radii are suf- 
ficiently large. bends up to 90 deg can be made with or 
against the base-metal rolling grain without surface dull- 
ing or cracking. As might be expected, bends of 180 deg 
perpendicular to the grain cause dulling; however, since 
these bends are normally made only at seams the dulling 
is not noticeable. Plated metals have more springback 
than raw metals and hence an additional allowance should 
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from pre-chromed steel; cover is plated after forming. 


be made when aligning dies. To minimize distortion, fer- 
rous metals are usually fabricated at slower speeds than 
non-ferrous metals. 

Lubrication may be necessary when working with bare 
metals but can be dispensed with if the protective backing 
is used. Bronze dies have been found effective in minimiz- 
ing metal pick-up and surface damage. 

Pre-plated metals are seamed like most other metals 
and the same general rules apply. For side-locked seams, 
the thick edge machine should be used instead of the 
burring machine. When forming a wire edge use a radius 
the same as that of the wire. 

Welding. As shown in the accompanying table, the 
maximum continuous duty temperatures that plated metals 
can withstand before surface oxidation causes discolor- 
ation range from 150 to 500 F. Consequently, flame weld- 
ing is not recommended. Spot welding, using a welder 
with a minimum capacity of 10 kva, has proved success- 
ful for most applications, provided that close control over 
pressure, current and time is maintained. Polished alloy 
tips, preferably water cooled and cleaned at frequent 
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intervals, are recommended. Surface marks can be mini- 
mized by using larger electrodes. Through careful design, 
surface welding can be eliminated entirely by prov iding 
flanges and welding from the inside (see wraparound, 
Fig. 4). Welds free of oxidation have been obtained 
using impulse timing and a combination of a heat and 
hammer effect. The first impulse consists of a hammer 
effect to obtain good metal-to-metal contact, followed by 
current application and then by successive heat and ham- 
mer blows. ‘ 

Soldering and Riveting. Pre-plated metals can be 
successfully soldered provided the surface finish is not 
lacquered or the lacquer has been removed with thinner. 
Likewise, chrome plating should be removed locally be- 
fore soldering. Paste flux is recommended to avoid spat- 
ter. Solder most commonly used is 50 per cent tin and 





Fig. 4—Fryer wraparound and cover with pro- 
tective paper partially removed. Maximum draw 
on cover is about 4 in. Adhesive re- 
mains on paper back and final polishing is not 
required. 


deep. 


20 per cent lead, although variations of 40-60 and 60-40 
can be used. Nickel or chromium on aluminum can be 
soldered by this method. a heavier solder film 


is required at the raw edge which must be bridged since 


However. 


solder does not adhere easily to untreated aluminum. 
Care is needed during riveting so that the hammer 
blow does not damage the surface of the bright metal. 
Cold riveting is preferred to hot riveting to prevent sur- 
face oxidation and discoloration. 
Etching. Chrome or nickel on steel. 
and brass or copper on steel are the 
Surfaces should be carefully cleaned and 
the face side dusted with resist and baked. Resist is then 
applied to the reverse side and the metal baked again. 


copper or brass. 
most commonly 


etched metals. 


Chrome is stripped by immersion in muriatic acid and 
then rinsed. Nickel is removed with a bright dip or else 
by using reverse current in a sulphuric acid strip tank 
or a weak nitric acid solution. The sheet is then rinsed 
and etched in the regular manner. After etching the sheet 
is rinsed, dried, the etched parts filled in, baked and the 


my LT PL 


resist removed. 
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Properties of Pre-Plated Metals 


















Brass Brass 
Nickel Nickel Nickel Nickel Nickel Copper Copper ' 
or or or or or or or 
Chrome Chrome Chrome Chrome Chrome Gold Gold 
on Steel on Zinc on Brass on Copper | on Aluminum on Steel on Zinc 
Continuous 500 F 150 F 300 F 300 F 500 F 175 F 150 F 
Service 
Heat ~~ — -- 
resistance Intermittent (N) 500 F | (N) 500F 
Service (C) 1000 F 200 F 400 F 400 F | (C)1000 F 200 F 175 F 
eens properties Good Poor | Fair Fair Fair Good* Poor 
| (Brittle welds) 
“Soldering properties Good Good Good Good Good Good Good 
ia Duaiies Good Fair Good Good Fair Good Fair 
Stamping ~ -——— - — 
Blanking Good | Good Good Good | Good Good Good 
Bending and forming properties | Good Fair Good Good Good Good Fair 
: ‘Salt airy Poor Poor Fair Fair Fair Poor Fair 
Corrosion * ~ Outside? + Fair Fair Good Seed | Fair Fair | Fair 
resistance |—— ee inane agence one rome 
| Indoor Good Good | Good ~ Good Good Good} | Good i 
Etching properties Good " Good | Very Good Mens Geod | Geod ha | Fair 
poeta = } 


. Not. senile’ if lacquered. +t Recommend lacquer surface. Source: American Nickeloid Company 
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CURRENT-RECTIFYING 
DEVICES | 


4 comprehensive review of all thermionic and 
solid-state rectifying devices. The objective of 
this report is to provide the rectifier user with 
comparative statistics upon which to base his 
selection. Operating characteristics and evalua- 
tion data are presented on: 

Vacuum Tubes 

Gas-filled Tubes 


Thyratrons 





Vercury-pool Rectifiers 


Selenium. Copper-Oxide, Silicon. German- 
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Associate Editor ium. and Titanium Dioxide Rectifiers 
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Relative voltag 





ELECTRICAL ENGINEERING SEEMS DESTINED forever to be a 
divided science. No evidence can now be found to indi- 
cate that designers will ever be able to standardize on one 
type of current. The separate technologies of both alter- 
nating currents and direct currents are progressing at 
equal rates. Neither is losing out to the other. In fact. 
if any trend is to be noted at all, it is a tendency for prod- 
uct designers to use both a-c and d-c circuits in a single 
system. By way of illustration, this is the case in most 
equipment employing adjustable-speed drives, electronic 
controls or magnetic amplifiers. 

Seldom is it convenient to power a combined a-c and 
d-c system from two separate sources. The available 
power is rectified or inverted as required so that all of the 
system’s electrical needs are satisfied from the same 
Since this direction of change is normally from 
a-c to d-c, it follows that the rectifier has considerable 
(and increasing) importance in the field of design. 

Another observation on the growing use of rectifiers 
may be of interest. 


source, 


Much attention has been given in 
recent years to new developments in solid-state rectifiers 
such as selenium, germanium and silicon. These have 
had some impact on the older devices including the cop- 
per-oxide and thermionic types. However, in the main. 
the latest devices have found their greatest use not as 
successors to earlier types but in applications that the 
new rectifiers themselves made possible. For example, it is 
certainly true that the existence of the selenium rectifie1 
was a great aid in making the magnetic amplifier a prac- 
tical reality. The future may be drawn upon for other 
evidence, including some promising prospects in rotating 
machinery design. Small economical solid-state rectifiers 
may make it feasible to design self-excited a-c generators 
In the latter, the 
rectifiers would be mounted on the shaft of the rotating 
machine and there would be no contact whatsoever be- 
tween the rotor and stator of the machine. 

Coupled with the still-growing prominence of rectifiers 
in electrical circuits are some important and continuing 
developments in the components themselves. 


and commutatorless d-c generators. 


Therefore. 
a review of up-to-date rectifier characteristics and applica- 


Fig. | -Approximate forward voltage drop per cell for selenium 
rectifiers in various circuits. Curves are for 26-volt cells (Fan- 


steel Metallurgical Corp.) 
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tion factors is of value. This survey covers the major 
industrial-type thermionic and solid-state rectifiers. but 
does not include equipment such as m-g sets and syn- 
chronous switches which are sometimes classed as mechan- 
ical rectifiers. 

Basis for Evaluation. By definition. a rectifier is 
a device, having one positive and one negative elec. 
trode, which has the characteristic of conducting current 
effectively in one direction only. From this definition 
it is apparent that an ideal rectifier will have zero resist- 
ance in one direction and infinite resistance in the re- 
verse direction. Although no rectifier meets these stand- 
ards of perfection, forward and reverse resistance are 
two important criteria used in the selection of rectifiers. 

Designers faced with the selection of rectifiers for 
specific applications may also be concerned with a char- 
acteristic that is allied with forward resistance. This is 
are drop (in tube-type devices) or forward voltage drop 
(in metallic rectifiers). In rectifier circuits. the actual 
voltage drop may be dependent not only on the rectifier 
itself but on such factors as the type of circuit, type of 
load and current density at which the rectifier is operated. 
Offered as an example are the curves of Fig. 1 showing 
the forward a-c voltage drop vs current for a selenium 
rectifier in various circuit configurations with resistance, 
inductance and capacitance loads. Data are also included 
on the forward d-c voltage drop in d-c circuits. Where 
voltage regulation is important, the linearity of the for- 
ward-resistance characteristic should be examined. The 
regulation of a rectifier may be good or bad depending on 
how great the forward drop becomes with increasing load. 

An essential rating of all rectifiers is anode current 
(tubes) or forward current (metallic). This, of course, 
is indicative of the load capacity of the rectifier. Since 
rectifier heating is proportional to the average current, 
such devices are normally rated in d-c rather than a-c 
amperes. Another rectifier criterion is the value of peak 
inverse voltage. which is the greatest instantaneous nega- 
tive voltage that may be applied between electrodes 
In metallic rectifiers. it is often 
essential to know the value of reverse leakage current, 
which is detrimental in some applications. Thermionic 
rectifiers have considerably higher reverse resistances so 
Another 
point of variation in rectifiers is the aging factor. defined 
as any persisting change (except failure) that takes 
place in the forward or reverse resistance characteristics. 


without causing failure. 


that reverse leakage is seldom a basis for choice. 


In addition to these considerations. there are certain 
other more obvious qualities a user may look for in a 
rectifier. These include size and weight: ruggedness: 
sensitivity to temperature and humidity effects; maximum 
allowable operating temperature and_ rectification efh- 
ciency. 


Thermionic Rectifiers 


the term “thermionic rectifier” relates to a broad 


vroup of devices that make use of the phenomenon of 
“thermionic emission” or the tendency of a heated elec- 
trode to give off electrons. The heated electrode or cathode 
is enclosed in a glass or metal envelope with a second 
electrode (anode). There main classes of 
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thermionic rectifiers: the vacuum tube type in which the 
electrodes function in an evacuated atmosphere and the 
gas-filled type containing gaseous elements such as mer- 
cury, xenon and hydrogen. 

Thermionic rectifiers span the complete range of cur- 
rent ratings from a few milliamperes up to thousands of 
amperes. In this respect, thermionic rectifiers have a 
decided advantage over solid-state devices which are as 
yet limited in the higher values of current. Thermionic 
rectifiers, operating as they do in protected atmospheres, 
are not in general as sensitive to temperatures and 
humidity conditions as are metallic rectifiers. Further- 
more, thermionic devices can be designed for the higher 
voltage ratings, which, again, is an area in which solid- 
state rectifiers are handicapped. 

It is vital to properly appreciate the continuing impor- 
tance of thermionic rectifiers. Contrary to popular belief. 
there is nothing to indicate that thermionic devices will 
yield totally to solid-state components. At present, each 
type has a field of application wherein it is superior. It 
is anyone’s guess as to whether this state of affairs is to 
continue for a limited time or forever. Research appro- 
priations allotted by both government and industry to 
the thermionic field still exceeds that earmarked for solid- 
state laboratories. It is fully conceivable that after the 
great initial surge of discovery in the solid-state field has 
tapered off, the technologies of both types of rectifying 
elements may progress at equal rates. 

One last point to be made in favor of thermionic recti- 
fiers relates to their inherent facility for control. It is 
possible by adding a control grid to the tube rectifier 
to provide a simple means for regulating its output. Thus. 
d-c load currents can be controlled over a wide range by 
low-level grid signals. Operation of the control rectifier 
will be explained in more detail under the “thyratron” 
section of this article. At present, the solid-state rectifier 
requires some external means such as a magnetic ampli- 
fier when a control function is desired. Some progress has 
been made in using the transistor for switching or thyra- 
tron-like performance, but the present range of applica- 
tions is extremely limited. 

Vacuum Tubes. The vacuum tube rectifier is still fore- 
most in circuits involving low-level signals. The latter are 
characteristic of communications receivers and, in in- 
dustry, of the sensing or computing sections of automatic 
controls. Although vacuum tubes having outputs of 1 or 2 
amp have been designed, 125-400 ma at 350-400 velts is 
the approximate range of output power that can be ob- 
tained from one plate of a vacuum tube. This maximurn 
can easily be multiplied several times by operating several 
tubes in combination. Limited as this output current may 
seem, it is still sufficient for a majority of the low-level 
applications. 

The facts that a vacuum tube requires filament power. 
is comparatively fragile and has some shortcomings in 
respect to reliability and service life have aided the solid- 
state devices considerably in becoming established as 
competitors. But the designer still must balance a number 
of factors before deciding in favor of either the vacuum- 
tube or the metallic rectifier. Automation techniques are 
ancient history to the vacuum-tube manufacturers so that 
their comparatively complex product is offered at a cost 
that is competitive to the metallic rectifier. Generally 
speaking, the costs of equivalent ratings of both types of 
rectifier are the same. 
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Rectifier Terminology 


Rectifying Device: An elementary device, having one posi- 


1 


Je, which conducts current 


; / direction (also called diode). 

Rectifier: An integral assembly of one or more rectifying 
Jevices. 

Half-Wave Rectifier: A rectitier that 
irrent int . s+ rn 1 unidirectiona 


r + + ach sinus ida 


Full-Wave Rectifi 


hanaes alternating 
jrrent using only 


hanges alternating 


er: A rectifier that 
tin urrent using both 


sting unidirectional 
yves f 

. . T wie {f rere ce t 

Forward Direction: The direction esser resistance to 
irrent thr iah the re titier. 

urrent whicn f ws in the forward 


Forward Current: | 
jire + n throuah the rectitier tals ylled ad, p ate or 


snode current) 

Forward Voltage Drop: The voltage drop resulting from 

the ¢ y + irrent throuah a rectitier n the torward di- 
slled arc drop in tube rectifiers) 


Reverse (or Inverse) Direction: The direction of greater 
ra tance ¢ current +h yp 1ioh +he re titier 


UQ 


Reverse (or Inverse) Current: The current in the reverse 


j tic +h Han th ett 
lire n througt 


e rectifier ce Iso called leakage 


rrent or back leak} 


Reverse (or Inverse} Voltage: That voltage applied to a 


+ +\+ 
ta e 


> reverse airection 


Reverse Resistance: The resistance measured at a 


ed reverse voltage or a specified reverse current. 
Metallic Rectifier Cell: An elementary rectifying device 
having one positive electrode, one saative electrode 
and one rectifying junction. 


Stack: Ana semk y f ne r more re tifier ellis, USUally 
made by mounting cells upon an insulated center bolt 
or stud 


Junction: The region in a solid-state rectifier having asym- 
metrica nductivity, als slled the barrier layer or 
blocking layer. 

Ambient Temperature: in gene ral, this term refers to the 
sir temperature immediately surrounding a rectifier. Spe- 
ifically, i+ refer temperature below the re tifier, be- 


c “f 
tor the air nas been heated by the rectitier 


Commutation: The transfer of forward current from one 


rectifying element to the next succeeding rectifying ele- 
ment. 
Tl . c | . i l 

Power Factor: The rati f the total watts input to the 
total rms volt-ampere input 

Output Voltage Regulation: The output voltage regula- 
tion of a rectifier is the ratio, in per cent, of the differ- 
ence between no-load and full-load d- 


utput voltage to 
the full-load d-« utput voltage, with 


nstant a-c input 
voltage. 


Ripple Voltage: Ripple voltage is the 
ponent ot a pulsating voltage 
Efficiency: [he efficiency of a rectifier 


power output To the Total power input. 


Rectification Ratio: The rati f reverse resistance of 


rectifier t its torward resistance 


The metallic rectifiers are definitely limited as far as 
voltage ratings are concerned so that use of the vacuum 
tube is predominant in the high-voltage, low-current 
circuits. For example, to obtain 220-volts direct current 
from a 110-volt a-c supply, it is necessary to use a step-up 
transformer feeding into several metallic cells in series. 
However, with vacuum tubes this voltage output can be 
derived from a single tube. In low-voltage circuits, metal- 
lic rectifiers have an advantage over vacuum tubes in that 
no filament transformer is required. However, this ad- 
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vammage 1s neutralized in the higher-voltage systems which 
require the use of a transformer regardless of whether 
vacuum-tube or metallic rectifiers are employed. In such 
cases, the filament power required for the vacuum tube 
can be supplied by the same transformer that provides the 
plate voltage. 

In size, vacuum-tube rectifiers compare favorably with 
selenium rectifiers in the lower ratings of voltages and 
are definitely more compact in the higher ratings. How- 
ever, other types of solid-state rectifiers, such as german- 
ium and silicon diodes, are considerably smaller than 
tube rectifiers of equal rating. 

Typical of all thermionic rectifiers, the vacuum tube 
is less temperature dependent than are the solid-state de- 
vices. Its reliability, on the other hand, is somewhat more 
of a problem since the tube is an assembly of delicate 
parts in contrast to the solid-state rectifiers. Much is being 
done in military and commercial research programs to 
improve tube reliability. The results are already evident 
in a group of ruggedized tubes available from various 
manufacturers. 

One such tube is the RCA No. 5690, a new “Special 
Red” vacuum rectifier tube of the heater-cathode type 
especially designed for industrial and aircraft applica- 
tions where extreme dependability, exceptional stability. 
and 10,000-hr life are paramount. It has two separate 
diodes in one envelope and is conservatively rated to with- 
stand a maximum peak inverse plate voltage of 1120 
volts, a maximum peak plate current per plate of 375 ma 
and a maximum average plate current per plate of 75 ma. 
The rigidity of this tube is such that it will withstand 2.5 
g of continuous vibration at a frequency of approxi- 
mately 25 cps for hundreds of hours at maximum rated 
voltage. The tube will also withstand impact accelera- 
tions of 500 g for short periods. 

The long life built into the 5690 is the result of: (1) 
designing the cathode to operate at a relatively low tem- 
perature; (2) utilizing improved insulation between 
heater and cathode to minimize leakage; (3) using pure- 
tungsten heaters provided with sleeves to give strength 
and long life under conditions of frequent “on-off” 
switching; (4) supporting heater at both ends and 
throughout its length to prevent heater creepage and 
warping: (5) maintaining exacting control during proc- 
essing to prevent deposit of cathode materials on mica 
insulators; (6) inspecting each mount assembly for ad- 
herence to rigorous specifications, and (7) rating the 
tube conservatively for moderate current per unit area 
from the cathodes and for moderate power dissipation 
per unit area of the plates. 

Gas-Filled Tubes (Hot Cathode). When a high- 
vacuum tube rectifier is passing current, there are liter- 
ally billions of electrons in the space between the anode 
and cathode. The fact that each of these electrons carries 
an electrical charge leads to a phenomenon known as 
space charge within the interelectrode area. The effect 
of this negative space charge is to resist the flow of 
electrons between filament and plate, while in amplifier 
tubes, the space charge has a beneficial influence on per- 
formance, it is a detriment in rectifier applications since 
it limits the current output. Accordingly, the space charge 
phenomenon restricts the vacuum-tube rectifier to low- 
power systems. 

In contrast to the high-vacuum tube there is another 
croup of hot-cathode electron tubes which contain vary- 
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ing amounts of a gas such as mercury hydrogen or xenon. 
In these units, the gas molecules interfere with the move- 
ment of electrons from cathode to anode. The electrons 
and gas molecules collide causing the production of posi- 


tive ions. Thus, in the interelectrode space of the gas- 
filled tube there exists large numbers of positive ions as 
well as electrons. The positive charges on the ions tends 
to nullify the negative electron charge with the result that 
space charge is greatly minimized. This reduction in space 
charge is responsible for the vastly increased currents 
attainable from gas-filled rectifiers. 

The gas-filled rectifier is characterized by high efh- 
ciency, small size and the dependence of its performance 
upon ambient temperature. In current capacity, this com- 
ponent spans the range between the milliwatt ratings of 
the vacuum tube up to the present maximum of about 18 
amp. Gas-filled tubes of this maximum rating arranged in 
a six-phase circuit can provide d-c power to a 30-hp 
motor. 

A gas-filled rectifier consists of an evacuated envelope 
hydrogen or 


containing a filling of mercury xenon 


gas at reduced pressure, a heated electron-emitting 
cathode and an anode. When the anode is positive, elec- 
trons are attracted to it from the cathode and constitute 
a current flow. As explained previously, the gas is ionized 
and the space charge is netralized. This eliminates nearly 
all of the internal resistance of the tube. leaving a drop 
of only 5 to 12 volts, depending upon the design. The 
anode is non-emissive so that no current flows when it is 
negative. 

Thyratrons. The gas-filled tube is an extremely im- 
portant device even when it is used for rectification only. 
Sut, it is to systems requiring controlled rectification that 
a special type of gas-filled electron tube (known as the 
thyratron) brings the greatest benefits. A thyratron con- 
trol rectifier differs from the gas-filled rectifier in that a 
non-emissive grid is inserted between the anode and 


cathode. Small variations of the grid potential permit or 


prevent the start of the main current in the anode circuit 
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B chine Tool Co. lathe. Thyratrons 


' tron tubes. The average anode 


| mred range from 1 to 18 amp 
_ (Electrons, Incorporated) 


Fig. 2—Typical industrial ap- 
tron tube is this Monarch Ma- 


are used here to supply direct 
current for adjustable-speed 
motor. (Electrons, Incorpor- 


ated ) 


Fig. 3—Assortment of _thyra- 


current ratings of the tubes pic- 


when the anode is positive. Once the main current is 
allowed to start, the grid has no further control until the 
anode voltage is reduced to zero, or made negative for 
a small fraction of a second (as with a-c supply voltage). 
In this way, minute grid energy can control large amounts 
of power. 

This facility for internal control is not shared by solid- 
state rectifiers. The latter require the use of much more 
elaborate external regulating schemes. The thyratron’s 
control characteristics greatly influences its choice as the 
rectifier for many types of electronic adjustable-speed 
drives, Fig. 2. Other applications include: 

1— Control of a motor, whereby some motor-driven 
device is made to follow quickly and accurately the 
motion of some delicate or remote instrument or circuit 
condition. 

2— Control of a power circuit from a low-energy con- 
trol circuit or controlling device, particularly where either 
high-speed response or delicate variation of output power 
is required. 

3— High-speed or synchronous switching circuits. 
such as welders, X-ray contactors, saw-tooth oscillators 
and high-speed counting or inspecting equipment. 

4— High power vibrating motors or pulsed magnets. 

5 — Inverters for changing frequency or for changing 
direct to alternating current. 

Thyratron Characteristics. The proven ambient 
temperature range for reliable operation is between —55 
C and +75 C and is limited by basing and cap cement 
only. Tubes without base or cap cement have functioned 
satisfactorily at temperatures as high as 150 C. Generally. 
other environmental conditions (shock, vibration, hu- 
midity, etc.) do not affect operations at all unless severe 
enough to cause breakage or shorting of elements. Typical 
thyratron tubes carry shock ratings of 700 g and with- 
stand variable-frequency vibration test of 0.08 in. 
excursion. 

Thyraton tubes are available in a wide variety of 
sizes, Fig. 3. The minimum and maximum average anode 
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current ratings are 50 ma and 18 amp, respectively. The 
anode voltage range for thyratrons extends between 25 
and 2000 volts. As an indication of size, the thyratron 
delivering 18 continuous amp (or 160-amp peak) is 
101% in. high, weighs 141% oz. A typical value of rectifi- 
cation ratio is 5 x 10°. 

Inverse leakage is less than 5 microamp in most types. 
Forward resistance is not constant but is inversely pro- 
portional to current. Thus. the are drop is relatively in- 
dependent of current (since resistance decreases as cur- 
rent increases). Thyratrons are aged and stabilized as 
part of their production process. In use, thyratrons ex- 
hibit no aging effects. although the most common mani- 
festation of end of tube life is an increase in are drop. On 
applications where this is the typical failure, measurement 
of are drop is a most useful tool for anticipating end of 
life. 

Typical values for rectification efficiency are: 86 per 
cent at 100 d-c volts. 35 d-c amp (peak): 93 per cent 
at 200 volts, 35 amp: 95 per cent at 300 volts, 35 amp. 
As in all rectifier applications, the type of load changes 
the control reauirement. Capacitive loads increase peak- 
current duty. Inductive loads may introduce rapid rise of 
initial inverse voltage and, therefore, increase the com- 
mutation factor duty. The surge current characteristics 
of thyratrons are excellent. A l-amp (average) tube can 
withstand a 77-amp surge or short circuit for 0.1 sec: 
a 6.4-amp tube can take 770 amp for 0.1 sec; and 18-amp 
tube is unharmed by 1000 amp flowing for 0.1 sec. 

Manufacturers of thyratrons claim for them advantages 
of long life; fast response in controlled units; high efh- 
ciency, especially at higher voltages; small size and 
light weight; freedom from temperature effects; wide 
load ranges: and complete lattitude in mounting arrange- 
ments. They are also frank enough to point out two major 
limitations. The thyratron requires that filament voltages 
be maintained within 10 per cent for realization of 
full life expectancy. The circuit designer must also pro- 
vide some means for allowing a filament warm-up time of 
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25 to 60 sec duration before plate voltage is applied. 

Controlled Rectification. The grid signal does not 
control anode current in the same fashion as it does when 
applied to a triode vacuum tube. In the latter, the output 
wave is an amplified image of the control grid signal. In 
the thyratron, however, the grid signal controls only the 
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Changing the discharge time of a capacitor or 
inductor which is recharged.each inverse cycle. 





Large output ' 


Varying the magnitude of half-wave rectified cur- 
rent through the primary of a grid transformer, so 
that the decaying negative voltage pulse on the 
next half cycle controls the firing of the control- 
tube grid. 


Fig. 4—Various control means and output characteristics of regulated thyratrons. For each are given the schematic circuit in- 
: = ) ~ 
volved and a representation of the output load in sine-wave or vector form. (Electrons, Incorporated). 





starting time of conduction through the tube. Assume that 
there is a d-c bias on the control grid sufficiently negative 
to prevent conduction. Now, if the bias is made more 
positive, a point will be reached when the thyratron will 
fire (conduct) just at the peak of the a-c voltage wave 
anplied to the plate. As soon as firing occurs, the grid 
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Fig. 5—View of hot-strip steel 
mill from the finished end. 
These machines are driven by ~*~ 
five 5000-hp and one 4000-hp 
d-c motors and are installed at 
Fairless Works of U.S. Steel. 
Ignitron rectifiers supply d-c 
power for the adjustable-speed 
drives. (Westinghouse Electric 
Corp.) 


loses all control and the tube conducts until the anode 
voltage reaches zero. By making the grid voltage still 
more positive, the tube can be made to fire earlier in the 
anode-voltage cycle. Another peculiarity of thyratrons is 
the fact that grid voltage has no influence on the magni- 
tude of instantaneous anode current. When it does con- 
duct, the thyratron conducts full current as determined 
only by the anode voltage and the load resistance. 

The purpose of controlled rectification is to obtain a 
current output that is responsive to some signal input. 
In the case of thyratrons (and other grid-controlled 
tubes) this control may be simply on-off or it may be 
proportional. In the former mode, the thyratron may be 
used as a relay to control the action of a solenoid valve. 
When proportional control is desired, the thyratron can 
function as an amplifier feeding power to an adjustable- 
speed a-c motor. 

The basic problem in grid circuit design is to (1) con- 
vert some quantity to be controlled into a voltage, (2) 
operate on the voltage to cause it to shift the firing point 
of the tubes in the proper manner. Often the quantity to 
be controlled is available directly in the form of a volt- 
age: for instance, when a generator or alternator is being 
regulated. If position is to be controlled, it may be con- 
verted into a voltage by using position to move a 
potentiometer, a syncro, a magnetic armature of an in- 
ductance, one plate of a capacitor, a strain gage, or a 
shutter in a light beam to a photoelectric cell. Currents 
may be controlled by using the voltage created across 
a resistor in series with the circuit; by the effect of the 
magnetic field in a saturating reactor through the winding 
of which the current passes; by means of a current trans- 
former; or by the action of a magnetic field on a tube. 
Temperature may be converted to voltage by using a 
thermocouple or a high-temperature-coefficient resistor 
in one arm of a bridge. Speed may be measured with 
a tachometer or by the back emf of the motor being 
controlled. The voltage may be d-c or a-c of power fre- 
quency or higher. 

In nearly all circuits, it is common practice to balance 
this quantity to be controlled against a reference of such 
magnitude that the voltage difference between it and the 
signal, when applied to the grids, will be large compared 
to changes in tube critical grid voltage. Sometimes this 
is done before converting the quantity to a signal voltage. 
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often it is more convenient to do it by connecting in sertes 
with the signal voltage a reference voltage equal and 
opposite to the desired setting. Then any deviation from 
desired setting results in a large deviation in the voltage 
to the grids. 

Control of Firing Angle. The anode voltage for the 
thyratron may be obtained from either an a-c or d-c 
source. When a d-c supply is used, the circuit has a lock-in 
feature because the grid loses control when conduction 
starts. For the grid to regain control and restore the tube 
to the non-conducting condition, it is necessary to remove 
the anode voltage momentarily. When an a-c supply is 
used, the circuit has no lock-in feature because the anode 
becomes negative during the negative half of the a-c cvcle 
and thus allows the grid to resume control before the next 
positive half-cycle. 

With a-c supply, control of firing may be accomplished 
by varying the amplitude of an a-c grid voltage: by 
varying a d-c bias applied to the grid; by phasing a 
sinusoidal grid voltage witn respect to the anode voltage: 
by phasing a peaked grid voltage with respect to the anode 
voltage; or by a combination of these methods. Control 
methods are depicted in Fig. 4. 

With a-c amplitude control, several degrees of control 
are available depending on the phase angle of the grid 
voltage relative to the anode voltage. If the grid voltage 
lags the anode voltage by 180 deg, a change in amplitude 
of the grid voltage will initiate tube conduction early in 
the positive half-cycle of the anode voltage. This effectively 
connects the load to the anode voltage supply for most 
of the half-cycle to provide maximum d-c voltage output. 
This type of operation gives abrupt change from zero to 
full d-c output voltage as the amplitude is decreased. 
If the grid voltage lags the anode voltage by something 
less than 180 deg, change in amplitude of the grid voltage 
can be used to cause the tube to conduct at only a few 
points in the positive half-cycle. The result is that the d-c 
output voltage can not be varied smoothly from the 
maximum value to zero. 

The d-c bias method of control can initiate tube con- 
duction only over the first 90 deg of the positive half-cycle 
of anode voltage. Initiation of conduction at the begin- 
ning of the half-cycle will connect the load to the anode- 
voltage supply for most of the half-cycle to provide 
maximum d-c voltage output. If conduction is initiated 
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at the 90 deg point, the d-c voltage output will be approxi- 
If it is desired 
to control the output voltage over a wider range. this 
method by itseif is not practical. 


mately one-half of the maximum value. 


With the phase-shift method of control utilizing a sinu- 
soidal grid voltage, a wide range of control is available. 
If the grid voltage lags the anode voltage by about 170 
deg, conduction occurs near the end of the positive half- 
cycle, and consequently the load is connected to the anode 
voltage supply for a small part of the half-cycle to provide 
minimum d-c voltage output. If the phase of the grid 
voltage is advanced so that the grid voltage lags the anode 
voltage by less than 170 deg, tube conduction is initiated 
over a greater part of the positive half-cycle. The d-c 
output voltage will vary gradually from the minimum 
value to maximum. With this method, the use of adequate 
erid-No. 1 voltage will insure reliable control of the d-c 
output voltage. 

The phase-shift method of control utilizing a peaked 
grid voltage is a preferred method in that it provides a 
wide range of control with the most accurate timing for 
initiating conduction, positive blocking of anode current. 
and optimum conditions for deionization. If the peaked 
erid voltage lags the anode voltage by up to 180 deg. 
tube conduction is initiated whenever the peak occurs in 
the positive half-cycle. The conducting angle, or time 
during which anode current flows, is equal to 180 deg 
Maximum d-c 


minus the angle of lag. output voltage 


occurs when the peaked voltage swings positive at the 
If the peaked voltage 


leads the anode voltage up to 180 deg, 


same time as the anode voltage. 
no conduction 
occurs. 

In negative-control tubes. provision must be made to 
supplement the peaked grid voltage with a bias voltage 
(which may be either d-c or a-c) that is 180 deg out of 
phase with the anode voltage. With this control method. 
the magnitude of the peaked erid voltage should be 
adequate to swing the erid well into the positive region. 





\s already indicated, these methods may be combined 
to give additional flexibility of control. For example, 
a variable d-c grid bias can be obtained with an a-c volt- 
age having constant amplitude and lagging the anode 
voltage by about 90 deg to provide control of the d-c 
output voltage from zero to maximum value. 

Mercury-Pool Tubes. When the d-c power require- 
ments of equipment exceeds the maximum that can be 
provided by gas-filled tubes, the designer must go to the 
third major class of thermionic rectifier. This is the 
mercury-pool rectifier, which may have a_single-unit 
current rating as high as 1000 d-c amp. In this type of 
rectifier, the pool of mercury serves as the cathode. As in 
the gas-filled tubes, these rectifiers owe their high anode 
currents to the neutralization of space charge. However, 
since they operate in an atmosphere of mercury vapor 
rather than a gas filling. the mercury-pool units are de- 
scribed as vapor filled. 

The pressure of this vapor is proportional to the operat- 
ing temperature. Since excessively high vapor pressures 
will limit the output of a mercury-pool tube, it is neces- 
sary to provide some means for limiting this pressure. 
In rectifiers up to 400-amp rating, this is done satis- 
factorily by providing efficient forced cooling for tempera- 
ture control. In the larger units (up to 1000 amp) it is 
necessary to provide a vacuum pumping system, in addi- 
tion to the forced cooling. The function of the pump is to 
condense mercury vapor and return the liquid to the pool. 
By properly regulating this pumping action, the vapor 
pressures can be held within a limit. The latter type is 
designated as a pumped rectifier, while the smaller 
mercury-pool units are described as “sealed” or “pump- 
less.” 

There are two principal classes of mercury-are rectifiers 
in use today: the ignitron and the excitron. The dis- 
tinguishing feature of either type is the means used for 
striking the are required for starting conduction through 
the tube. The mercury pool when cold cannot supply 


Fig. 6 (Right) — This _high- 
speed rod mill recently installed 
at the General Electric Research 
Laboratory features a reversing 
ignitron-rectifier drive control- 
led by a new magnetic ampli- 
fier system. The drive can re- 
verse the mill from full speed 
in one direction to full speed in 
the other in 114 sec. Fast rever- 
sal enables the operater to exert 
much greater control over the 
metal-working operation than 
is possible with conventional 
drives. 
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Fig. 7 
plunger in contact-making position. (B) 


electrons even when anode voltage is applied. However, 
by striking an are from the pool to an auxiliary electrode, 
a cathode spot is formed. It is this hot spot that is the 
source of electrons for load current. 

Ignitron. This is probably the most used of the 
mercury-pool rectifiers and is manufactured by many 
firms. including General Electric, RCA. Westinghouse 
and National Electronics. The ignitron is so named be- 
cause it includes an ignitor or auxiliary electrode. This 
electrode is in a fixed position and its action is electrical 
rather than mechanical. 

The function of the ignitor is to start the flow of elec- 
trons between the cathode and the anode. In this sense 
it is similar to the grid of the thyratron, working like 
a trigger to set the tube into operation at a pre-determined 
instant. Once the ignitor has started the flow of electrons 
it has no further control over the flow of current and does 
not regain control until the flow of current has stopped. 
Thus, it regains control when the anode has become 
negative and stopped the flow of current. 

The ignitor gains control of the current once each 
cycle and can start the flow of current at the exact point 
in the cycle at which the tube is to begin conducting 
current. The ignitor circuit may be controlled by other 
electronic tubes, such as thyratrons, or by static magnetic 
elements such as reactors and other similar control de- 
vices. It is a circuit which is entirely separate from the 
main circuit of the tube (cathode or anode). 

The tip of the ignitor is immersed in the mercury pool. 
A close view of the mercury pool at this point would 
show that, due to the surface tension of the mercury. 
a slight pulling-away occurs where the mercury touches 
the ignitor. When a peak current of from 10 to 40 amp 
is passed through the ignitor circuit, a high potential 
gradient is set up between the ignitor and the mercury 
pool which is sufficient to draw electrons from the mer- 
cury pool and establish a cathode spot. The voltage 
required to force current through the ignitor prior to 
firing is of the order of 100-200 volts: as soon as the 
ignitor fires, this voltage drops to the ionizing potential 
of the gas or about 10 volts. 

Comparative Statistics. The ignitron is forced 
cooled and so is relatively unaffected by ambient tem- 
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Diagrams show workings of excitation anode in excitron tubes. (A) Left 
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peratures. Cooling water temperature should be between 

10 C and 60 C. There is only a slight derating needed 
for the higher water temperatures. The use of an anti- 
freeze solution is, of course, indicated for the lower water 
temperatures. The ignitron, as are all mercury-pool recti- 
fiers, is subject to a rather low limit on shock and vibra- 
tion because of the liquid state of the cathode. This same 
consideration makes it necessary to restrict the ignitron 
to vertical mounting. 

As stated, the output range of the ignitron is wide 
between 25 and 1000 amp and from 200 to 20,000 volts. 
Service life is extremely long because of the stability of 
the mercury pool. and aging is unnoticeable. Inverse 
leakage is low but may be affected by load current. The 
are drop is about constant. Indicative values of rectifica- 
tion efficiency are 93 per cent at 250 d-c volts and 97 per 
cent at 600 d-c volts. 

Surge-current capacity, too, is high and varies with the 
specific design of the tube. The main advantage of the 
ignitron are high efficiency at the upper voltage ratings: 
great power ratings within small space: and low main- 
tenance. One limitation is that ignitrons cannot be used 
with extremely low voltages because of constant are drop. 

Because ignitrons are control rectifiers, they have found 
wide application in resistance welding equipment which 
involves the precise switching and regulation of large 
blocks of a-c current. Another major application is for 
supplying direct current to groups of machines involving 
adjustable speeds. The battery of steel-strip rolling ma- 
chines shown in Fig. 5 are powered from ignitron control 
rectifiers. General Electric is currently testing an ignitron 
drive on a small reversing mill, Fig. 6, to judge the eco- 
nomics of rectifiers vs m-g sets in such applications. 
Ignitrons are much used in drives for transportation 
equipment and for supplying power for electro-chemical 
processes. 

Excitron. The second major type of mercury-are tube 
does not employ the ignitor described above. In the 
ignitron, the are at the cathode is started during each 
cycle by means of the ignitor immersed in the mercury. 
In the excitron, a small excitation arc is maintained at the 
cathode continuously while in service. 

The excitation system of excitron-type rectifiers is de- 
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signed to automatically ignite and maintain a small d-c 


excitation arc on the mercury cathode. This excitation 
system is usually supplied with direct current from sele- 
nium rectifiers. 

Details of the excitation device in each rectifier tube 
are shown in Fig. 7. Fig. 7(A) shows the ignition plunger 
in position corresponding to the de-energized excitation 
circuit and making contact with the excitation anode. 
Fig. 7(B) shows the ignition plunger in the position cor- 
responding to the energized circuit, i.e., with the excita- 
tion arc established on the mercury cathode. 

The ignition plunger is a square steel tube with a 
eraphite insert. When the excitation current is off, the 
ignition plunger, being lighter than mercury, floats up 
and the graphite insert connects the excitation anode to 
the mercury cathode. The plunger housing is surrounded 
by the ignition coil. 

There is little wear on the ignition plunger since it is 
used only when the tube is started initially. From that 
point on the excitation arc is maintained between the 
mercury pool and the excitation or “keep-alive” anode. 
These electrodes have the same long service life expecta- 
tion as the other elements within the rectifier. In the 
ignitron, the ignitor comes into play on every cycle of 
the applied a-c voltage and is, therefore, somewhat more 
subject to wear. 

In assemblies of 6 or 12 tubes, Fig. 8, excitron recti- 
fiers can supply 1000 to 10,000 amp. Output d-c voltage 
ratings range from about 200 to 2000 volts. Overall efh- 
ciency at full load of a complete unit, including losses 
in rectifier transformers, excitron units and auxiliaries is 
approximately 91 per cent for 250 d-c volts; 95 per cent 
for 600 volts; and 96 per cent for 750 volts. There are 
no specific limits to surge currents. Surges of 150 times 
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Fig. 8—Package excitron-tube rectifier of 500-kw, 250-volt rat- 
ing. Tube compartment is at left and rectifier control and cath- 
ode breaker are in compartment at left. (Allis-Chalmers Manu- 
facturing Co.) 


Fig. 9 (Right)—The packaged rectifier illustrated has a full- 
load rating of 10 volts at 50,000 d-c amp and provides constant 
voltage between 2 and 10 volts, 2500 to 50,000 amp. Selenium 
rectifier stacks are used in a 3-phase, double-wye interphase 
connection to achieve an overall efficiency in excess of 76 per 


cent. The rectifier cells are fan cooled. (Bart-Messing Corpora- 
tion) 


the average current rating of a tube can be applied with- 
out damage. 

The metal-enclosed, water-cooled excitrons are rugged, 
have high overload capacity, long life, no aging effects 
and are comparatively unaffected by environmental con- 
ditions. Like thyratrons and ignitrons, the output voltage 
and current can be regulated by grid control. However. 
excitrons cannot be applied economically for d-c voltages 
below 200 volts, because the kilowatt rating decreases as 
voltage is reduced. Thus, the cost per kw increases. The 
efficiency also drops as voltage is reduced. 

Applications of excitrons have been made in electro- 
chemical services; in railway locomotives; for powering 
mining and steel-mill equipment: for cranes and conveyor 
systems and for other types of adjustable-speed drives. 

Xatron. This is a new type of mercury-pool tube 
specifically designed by the Reliance Electric and Engi- 
neering Company for use in packaged adjustable-speed 
drives. While somewhat similar to the excitron in its 
mode of ignition, the Xatron uses a glass envelope and 
is air-cooled. In multiple this tube covers the drive range 
between 30 and 50 hp. Normally, the tube has a current 
capacity of 30 amp and a forward voltage rating of 100 
volts. Note that the largest thyratron presently available 
has an 18-amp rating. In control facility, the Xatron is 
quite similar to the thyratron. 

Initiation of the cathode spot is accomplished by break- 
ing a circuit between the cathode and the “starting anode.” 
This starting anode is constructed of magnetic material 
and is lifted by a magnet outside the tube. It is held out 
of the way until a loss of excitation occurs when it then 
falls back and restarts the tube within two cycles of a 
60-cycle line voltage. 


Solid-State Rectifying Devices 


Solid-state physics is sometimes defined as a study of 
materials in which useful electronic processes occur. The 
field has grown tremendously in importance in recent 
years, which have seen exciting developments in solids 
such as phosphors, magnetostrictive and_ piezoelectric 
devices, magnetic and ferroelectric materials and semi- 
conductors. Activity in the latter has been particularly 
intense since semiconductor components, including those 
of copper oxide, selenium, germanium and silicon, can be 
designed to perform many of the functions of the electron 
tube. While they are by no means superior to tubes in 
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every aspect of performance, semiconductors do have 

some distinct advantages. They are combinations of solid 

materials rather than structural assemblies of small parts 

and, hence, are inherently rugged. They consume no fila- 

ment power, dissipate much less heat and require no 

warm-up time and are usually smaller than their electron- 
tube counterparts. 

Some of the practical success of semiconductor recti- 
fiers comes as a result of replacing thermionic devices in 
certain applications. In each case, the semiconductor 

offered certain benefits not available from tubes. But. 
on the whole, the status of the electron tube is still intact 
because up to now solid-state rectifiers are not universally 
superior. It may well be that as solid-state research con- 
tinues, most of the limitations of semiconductors will be 
overcome and that electron tubes will be more seriously 
threatened. However, it must also be recognized that tube 
rectifiers are being improved steadily and may never vield 
totally to semiconductors. There is some feeling that both 
types will continue to share the rectifier market indefinitely 
and that the real frontier of semiconductors will be found 
not in superseding tubes but in new applications that the 
semiconductors themselves make possible. 
Semiconductor Theory. In earlier days, many 
| theories were advanced to explain the rectifying prop- 
erties of the semiconductor materials then available. 
Generally, now, these theories have been replaced by the 
thinking which is a byproduct of transistor research. The 
concept of electrons, holes and barriers is being used 
to explain the functioning of even the older semiconductor 
devices based on copper oxide and selenium. 
Semiconductors are a class of materials that has an 
electrical resistivity between insulators and metals and falls 
in the range 10* to 10° ohm-centimeters near room tem- 
perature. In comparison, the volume resistivity of typical 
metals in this temperature range is around 10° and that 
of insulators between 10° and 10'° ohm-cm or lower. The 
electrical resistivity of semiconductors and many insu- 
lators decreases rapidly with rise in temperature, while 
that of metals increases relatively slowly. 
The high electrical conductivity of metals is due to the 
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large number of free electrons. These electrons are free 
in the sense that under the action of an electric field they 
move through the crystal lattice, thus carrying a current. 
In semiconductors most of the electrons are bound to their 
respective atoms, thus leaving only a small fraction of the 
electrons free to conduct current. The number of free 
electrons increases with increase in temperature, thus 
accounting for the high negative temperature coefficient 
of resistance in semiconductors. 

The electrical characteristics of semiconductors may be 
better understood by considering their chemical behavior. 
The chemical properties of an atom are determined by 
the valence or weakly bound electrons in its outermost 
incomplete shell. In an insulator, all of these valence 
electrons are tied up in the chemical bonds which hold 
the crystal together so that there are no free electrons for 
conducting electricity. The diamond is an example of a 
good insulator; its four valence electrons are tightly 
bound so that they cannot move under the influence of 
an electrical field. 

Although the semiconductors germanium and silicon 
have a tetravalent diamond-type lattice, their valence 
electrons are not so tightly bound. They may be freed to 
conduct merely by the thermal vibration of the lattice 
even at room temperature or by the energy imparted 
by light. Once freed, the electron drifts toward the anode 
if an external electric field is applied to the crystal. This 
conduction mechanism is called n-type since negative 
charges (electrons) carry the current. 

There is a second conduction mechanism simultaneously 
present. When the electron is broken from its bond posi- 
tion and turned into a conduction electron, a vacant bond 
site or “hole” is left behind. An electron from an adjacent 
bond may move over to fill this vacancy and thereby shift 
the hole to a new position. Since this process can go on 
indefinitely, a free hole wanders through the crystal al- 
most as easily as a free electron. Under the influence of 
an external field, holes drift in the opposite direction to 
the electrons. Conduction by holes is caller p-type, since 
the holes act like positive charges. 

When a metal contact is placed against an impurity 
semiconductor, the combination has nonlinear current vs 
voltage characteristic and acts as a rectifier. For an 
n-type sample, the current is large when the semiconductor 
is made negative and the metal point is positive, but it is 
small when these polarities are reversed. For a p-type 
sample, the sign of the effect is reversed so that the cur- 
rent is large when the semiconductor is positive. 

The operation of the semiconductor diode may be 
explained with the aid of the chemical bond picture in an 
impurity semiconductor. If a metal contact is placed 
against a germanium crystal containing phosphorus 

(n-type), the extra valence electrons are thermally ex- 
cited, leaving the phosphorus atoms positively charged. 
The electrons in the contact area drift away, thus leaving 
next to the point a positively charged barrier layer. This 
barrier is a region of high resistivity, so that when an 
external voltage is applied between the metal point and 
the semiconductor, almost the entire drop is across this 
layer. If the external voltage is polarized to make the 
semiconductor positive, the barrier layer is increased in 
thickness and the resistance goes up. 

If the semiconductor is made negative, the barrier 
layer becomes thinner and disappears entirely for suffi- 
ciently high voltage. This is the direction of low resistance 
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and high current. The case of a p-type semiconductor in 
contact with a metal is analogous, excepting that the free 
carriers are holes and the external voltage must be 
reversed. 

Rectifiers are of two general types: area and point- 
contact. So-called “junction rectifiers” are the newest 
development in the area types. They utilize the barrier 
formed at the junction of regions of p- and n-type mate- 
rials formed by diffusing impurities into a single crystal 
of a semiconductor. 

Selenium Rectifiers. The selenium rectifier is the 
most important of the semiconductor types from the point 
of view of the quantities produced and the range of power 
ratings. The applications range from miniaturized elec- 
tronic gear to a massive power pack of 50,000-amp rating. 
Fig. 9. Essentially, a selenium cell consists of an alu- 
minum backplate upon which is deposited a layer of crys- 
talline selenium. Over this, a counterelectrode of a special 
alloy is applied. 

There are a number of different processes used for the 
application of selenium to the backplate. In one, selenium 
in powder form is distributed evenly over the supporting 
plates. The plates are then placed in a press and subjected 
to a temperature of 125 C and a pressure of 2000 psi. 
In another, the backplate is mounted on a motor-driven 
spindle, which is dipped into molten selenium. After a 
time, the plate is removed and spun dry. 

The third method, which is rapidly being adopted by 
most manufacturers, is based on an evaporation method. 
In essence, the procedure involves first nickel-plating 
sheets of aluminum by conventional electroplating, then 
depositing selenium by vacuum metallizing. After this, 
a barrier film is deposited over the selenium, also by 
vacuum evaporation. 

In one type of metallizer the electroplated aluminum 
sheets are placed inside a stainless-steel drum and held 
in place against the inner surface of the periphery by 
means of small spring steel clips. This drum is then rolled 
into the vacuum chamber, Fig. 10. The chamber is evacu- 
ated to a low pressure and the selenium is evaporated 
onto the plates. Temperature of the heat source is pre- 
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Fig. 10—Vacuum __ metallizing 
units similar to the one shown 
here are used by Westinghouse 
for making selenium rectifiers, 
The nickel-plated aluminum 
plates are placed inside a stain. 
less steel drum in an arrange- 
ment like that shown here. The 
drum is rotated while the seleni- 
um and later the barrier layer 
are evaporated from a metal 
source which extends along cen- 
tral axis of chamber. (F. J, 
Stokes Machine Company, Inc.) 








































cisely controlled to produce the proper type of crystal 
structure. The drum is rotated within the chamber while 
the selenium is being evaporated so that as the vapor rises, 
it will coat the surface of all the sheets. The drum with 
the plates attached is further processed through additional 
evaporators until the final barrier-coated cell is produced. 

After the barrier film has been deposited. the sheets 
are removed from the drum and cut into smaller plates 
of a size depending on the capacity of the rectifier. A 
mask is placed over the coated: side of the sheets, pro- 
tecting a narrow strip around the edges of the plate and 
a narrow band around a central hole in the plate. The 
unmasked portion is then sprayed with cadmium or zinc 
to provide a contact layer on the plate. After this con- 
tact layer has been sprayed on, the plates are returned 
to a vacuum dryer where they are again heated, under 
vacuum conditions, to refine still further the crystal 
structure of the selenium and the barrier layers. 

Stack Construction. Standard construction of a typi- 
cal selenium stack is shown in Fig. 11. The selenium 
cells are slipped over a metal stud that is insulated from 
them by a phenolic tube. A small insulating washer is 
then slipped over the mounting stud and placed against 
the active side of the cell. A larger light-pressure spring 
contact washer is placed over this and against the 
counter-electrode surface of the cell to provide a current- 
collecting surface. This washer only touches the cell at 
the periphery of the washer. 

Each cell is separated by either metal spacer washers 
or insulated spacer washers, depending upon whether 
or not direct connection between the cells is required 
by the particular circuit in which it is used. A-c and 
d-c terminals are assembled over the mounting stud as 
required, and, if necessary, jumper wires between ter- 
minals are used to connect portions of the stack. By 
combinations of these components, any rectifier circuit 
or combination of circuits can be assembled on a mount- 
ing stud. When desired, mounting brackets and special 
screw-terminal connections can be supplied. 

The polarity of the rectifier cell can always be 
checked by inspection of the stack. The side of the cell 
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Fig. 11 


selenium rectifier stack. 


showing the construction of a iypical 
(General Electric Company). 


Cutaway view 


with the spring contact washer positive and the alu- 


minum back plate is negative. Thus. current flow is from 
the back plate to the spring-contact washer. 

Standard construction is such that the stack can with- 
stand a high-potential test of 1500 volts to ground. How- 
ever, if required, these stacks can be specially constructed 
to withstand \fter as- 
sembly, the stack is dipped in a moisture and corrosion- 


2500 volts or higher to ground. 
resistant paint for protection. 

In some cases, where a less expensive and_lighter- 
weight construction is desired, the cells are mounted 
This eliminates the metal mounting 


stud and end insulation washers. 


on a phenolic tube. 


Another construction is that used 
ature cells. 


assembling mini- 
These have no center mounting hole, are nor- 
mally mounted without any spacer washers between cells 
and, therefore, are very compact assemblies. They are 
enclosed in a housing with terminal leads extending out- 
side. A number of different type enclosures are used. 
including glass, metal and phenolic tubing. Fig. 12 
shows several stacks of this type. 

Temperature Stability. 


tics are probably the most important consideration in 


Temperature characteris- 
the selection and application of selenium rectifiers. While 
the mechanics of failure within a selenium rectifier are 
not fully understood, it is definitely known that the 
cause of final failure is heat, whether generated within 
the cell itself or induced from some external source. 

\pparently, the artificially layer be- 
tween the selenium surface and the counterelectrode is 
adversely affected by heat. When a certain temperature 
is reached there will be an actual rupture of this layer 
and, therefore, a loss in rectifying properties. By exceed- 
ing the established ratings of the rectifier cell in such 
a way that an excessive amount of heat is developed. 
there is a possibility of failure of the rectifier. 

In the reverse direction, high reverse current will cause 
high heating and subsequent failure. Although under 
normal operating conditions the reverse losses are usually 
less than one-third of the total rectifier losses, there is a 
rapid increase in this loss when the inverse voltage is 
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metal or 


selenium rectifier cells. 


Fig. 12—Miniature Glass, 
phenolics are used for tubes into which the cells are placed. 
(General Electric Company) 


increased. These reverse losses are equal to the product 
of the leakage current times the full inverse voltage. It 
13 that there 
in leakage current with an increase 
It can further be seen that an increase in temperature 
leakage current. Forward current 
also causes heating—normally more than two-thirds of 
the total for the rectifier 
barrier layer can be caused by current overloads. 


can be seen from Fig. is a rapid increase 


in inverse voltage. 
causes an increase 
rupture of the 


and therefore. 


Besides affecting life, ambient temperature also has a 


Fig. 13 
and d-e reverse or leakage currents in selenium rectifiers. (Fan- 
steel Metallurgical Corp.) 
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Fig. 14—Selenium rectifier temperature derating curves. These 
are for the lower ambients. Derating information for higher 
temperatures is not yet available. (Federal Telephone & Radio 
Co.) 


relationship to the performance of a selenium rectifier 
in an electrical circuit. Selenium has a negative coefficient 
of resistance. As cell temperature rises, forward resistance 
decreases, resulting in slightly higher output voltage with 
lower losses and less heating. At temperatures below 0 C. 
the forward resistance increases, resulting in a slightly 
higher a-c voltage drop with lower output voltage. 

Reverse resistance of the selenium rectifier cell is also 
affected by temperature. The maximum reverse current 
is encountered at low temperatures. Although high re- 
verse current at normal room temperature can cause ex- 
cessive heat and subsequent failure of a rectifier. this 
additional heating at low temperature tends only to raise 
the operating temperature of the rectifier to a more normal 
figure. Therefore, low reverse resistance and, in turn. 
high reverse current at low temperature is not particularly 
important in most applications. There are certain cir- 
cuits, however, that require the lowest possible leakage 
currents at all times. An example is the magnetic ampli- 
fier which may suffer a great decrease in gain with a rise 
in leakage current through the associated rectifiers. 

So rapidly is the state of selenium technology advanc- 
ing that it is difficult to report precisely on the tempera- 
ture limits now applicable to practical selenium rectifier 
operation. For example, several firms are supplying the 
selenium devices for military aircraft where the rectifier 
is exposed to an ambient temperature of 150 C. However. 
while the 150 C limit is possible, it is not yet known when 
selenium rectifiers for such temperatures will be available 
in commercial quantities and at competitive prices. 

On commercial selenium rectifiers, each manufacturer 
seems to offer a different maximum. Typical commercial 
ranges reported are —55 to +40 C: 0 to +75 C; —55 
to +72 C; —55 to +72 C; and —55 to 125 C. 

To extend rectifier life in high ambients, derating. 
forced cooling and wider spacing are the measures re- 
commended. Fig. 14 is a chart showing the per cent of 
derating advised for various temperatures in the medium 
range. So new are rectifiers for the higher temperature 
range (75 to 150 C) that derating data are not yet 
available. 

Other Characteristics. The selenium rectifier. al- 
though basically a simple metallic structure. is sensitive 
also to several environmental conditions other than tem- 





perature. These are shock, vibration and acceleration. 
humidity, salt spray, water immersion and fungus. Effects 
of shock and vibration can be guarded against by rug- 
gedized construction and limited stack size. Special fin- 
ishes, encapsulation and hermetic sealing are measures 
taken for protection against fungus and atmospheric 
conditions. 

Current ratings of a selenium cell are dependent upon 
the active area of the rectifier plate. The practical maxi- 
mum is about 320 ma per sq in. Accordingly, it is theo- 
retically possible to design a cell for any desired current. 
This size flexibility plus the suitability of metallic recti- 
fiers for parallel operation permits the design of selenium 
rectifiers for outputs of 10,000 amp or more. 

For operation across higher voltage a-c lines (to 10,000 
volts and beyond) selenium cells are stacked in series. 
Where compactness is desirable, designers usually aim 
to stack the fewest possible cells to satisfy the voltage 
requirement. For this reason, the maximum rms voltage 
ratings of selenium cells are of interest. Typical commer- 
cial ratings now are 18, 22. 26. 33, 36 and 45 volts. 
Voltage ratings of 100 volts have been achieved in the 
laboratory but are far from commercial availability. 

As a result of aging, the forward resistance of a sele- 
nium cell increases with time. The exact amount of this 
increase depends on operating time, temperature and 
current density, but it may be as much as 50 per cent in 
a range from 10,000 to 50,000 hr. Stacks can be equipped 
with aging taps for applications demanding over 5000-hr 
life and close control of output. 

Reverse leakage is a factor to be considered in the 
choice of metallic rectifiers. It is influenced by the ambi- 
ent temperature and by the applied voltage. Normally 
it decreases with aging. Forward resistance is not con- 
stant. being affected by both temperature and forward 
current. 

Rectification efficiency for a three-phase bridge circuit 


Fig. 15—Curves show relationship of forward current to for- 
ward voltage in a copper-oxide cell for various temperatures. 
(Bradley Laboratories, Inc.) 
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employing selenium rectifiers ranges between 80 and 92 
per cent. Efficiency for a single-phase rectifier runs from 
70 to 84 per cent. Rectification ratio depends on the 
quality of the manufacturing process, upon the type of 
load and wave shape. It is affected further by the aging 
qualities of the rectifiers and the non-linearity of for- 
ward and reverse resistance. For comparison purposes. 
it may be said that production quantities of rectifiers are 
available with rectification ratios of over 10,000 to 1, 
measured under operating conditions. 

Performance of selenium rectifiers in three-phase cir- 
cuits is relatively unaffected by the type of load. In single- 
phase circuits, however, the rectifiers must be properly 
rated for the nature of the load, which affects both cur- 
rent and voltage wave shape. Capacitive loads are par- 
ticularly troublesome. For long life and reliable opera- 
tion, surge-currents must be limited to 10 times rated 
current, or less, depending on duration. 

The advantages claimed for selenium rectifiers are 
long service life: reliability; rugged construction: sta- 
bility; low cost: availability of high-current and high- 
voltage units and Furthermore. 
selenium rectifiers do not require filament power or 
warm-up time and are not subject to shelf aging. Ad- 
mitted limitations are sensitivity to high temperatures. 
higher initial cost than some tube rectifiers. inability to 
withstand high-voltage surges and poor performance at 


low-heat dissipation. 


frequencies over 1000 cps. Selenium will perform. sat- 
isfactorily at frequencies as high as 10.000 eps but at 
reduced efficiency. 

Standard of Comparison. This thorough discussion 
on selenium is warranted because selenium is still the 
most used of solid-state rectifiers and because it is amply 
representative of all metallic rectifiers for purposes of 
contrasting the latter with thermionic types. Furthermore. 
the selenium rectifier is almost always the basis of com- 
parison used in evaluating other types of solid-state de- 
vices. This will become apparent in the reports that follow. 

Copper-Oxide Rectifiers. In eeneral, it has been 
found that the copper-oxide rectifier cannot compete 
economically with the selenium rectifier except in small 
sizes. Its principal handicap is the low blocking voltage 
of approximately 8 rms volts maximum. As a result. a 
stack for a high line voltage is extremely bulky and costly. 
Furthermore. copper oxide is suitable for only a limited 
temperature range, between —55 and +-85 C. Deratine 
is necessary above 40 C. 

However, there are still some areas where copper oxide 
is superior to selenium. It has a proven record of long 
life. Although selenium hasn’t been around long enough 
to be justly rated on the service life factor, there are 
some indications that it will not be as good as copper 
oxide. The latter exhibits little aging effects, much less 
than selenium. In addition, copper oxide has a lower 
forward resistance so that efficiency is better. For a single- 
phase bridge circuit. conversion efficiency is above 90 
per cent. 

The copper-oxide rectifier has good resistance to surge 
currents. Surges in excess of 50 times normal rating are 
practical. Similarly to selenium, copper oxide shows non- 
linear forward and reverse resistance, Fig. 15, is affected 
by load characteristics and is unsuited for high fre- 
quencies. 

Instrument Rectifiers. Copper-oxide rectifiers are 
almost universally employed in instrument applications 
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because “threshold” voltage is low, enabling their use in 
low-voltage applications and because they have good fre- 
quency response due to fast “recovery time.” Apparently 
poor frequency response in some applications is due to 
the inductive reactance of the moving coil of the meter. 
The disadvantages of copper-oxide rectifiers in this 
application are: 

Both the forward 
and reverse temperature coefficients of resistivity are 


a. They are temperature-sensitive. 


negative and the reverse coefficient is greater than 
the forward. Therefore, the reverse-forward resist 
ance ratio is also influenced by temperature changes, 
becoming smaller with increasing temperature and 
reaching substantially zero (no rectification) at 100 
C. Furthermore, copper-oxide rectifiers are damaged 
by exposure to temperature extremes, the damage 
manifesting itself as changes in resistance character- 
istics, usually an increase in both the forward and 
reverse resistance. The cause of this damage is 
believed to be a partial detachment of the oxide 
from the copper or a slippage on the molecular plane 
The cause of such 
slippage or partial detachment is the difference 


at the copper-oxide interface. 


between the thermal expansion coefficients of copper 
and cuprous oxide. Whereas the thermal expansion 
coefficient for copper is always positive, though not 
linear, cuprous oxide behaves like water, having 
maximum density at 4 C, below which temperature 
its thermal expansion coefficient becomes negative. 

b. Their voltage-handling capacity is limited to approxi- 

mately 5 rms volts per cell. 

c. Production cost per unit cell area is greater than for 

selenium. 

Generally, in specifying a copper-oxide rectifier, the 
designer should be sure that the ambient or operating 
temperatures are within a range of 0-50 C. Load currents 
should be not less than 2 per cent of the rectifier rating: 
i. e., the smallest available rectifier that will handle the 
current load should be specified. Maximum voltage input 
should not exceed the rectifier rating. 

Selenium instrument rectifiers may be employed instead 
of copper oxide in order to avoid the effects of tempera- 
ture, provided the circuit considerations are compatible 
If the rectifier re- 
ceives its input current from a high impedance source 


with the characteristics of selenium. 


such as, for example, the conventional voltage-multiplier 
resistor for a voltage range of 100 volts or higher, and 
if the frequency of the input does not exceed approxi- 
mately 1000 cps, the selenium rectifier will operate sub- 
stantially as well as the copper-oxide type and temperature 
errors will be practically absent, even up to 100 C. 

In any semiconductor rectifier, the rectification efh- 
ciency is essentially the output divided by the input, i. e., 
the input minus the losses equals the output. In the con- 
ventional instrument circuit, the designer is concerned 
with the rectification efficiency considering current only 
since the d-c meter is a current-operated device and the 
millivolt drop across the meter terminals is unimportant. 
A good rectifier will deliver 90 per cent of the a-c input 
current at 1 per cent of its load rating and more than 99 
per cent at full-load rating. However the d-c meter indi- 
cates the average rather than the rms value of the rectified 
current so under respective load conditions, the meter 
will indicate substantially 81 and 90 per cent. 

The reasons for the variation in efficiency with variation 
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in load current is that the forward voltage drop increases 
logarithmically with increase of load current. so that 
portion of the losses represented by forward voltage drop 
increases by one while the load current is increasing ten- 
fold. The reverse resistance of the cells increases at least 
fourfold between substantially zero load and the input 
potential necessary to deliver full rated load. so the 
reverse losses do not increase in proportion to the increase 
in load current. 

In a power-supply circuit. the designer is concerned 
with efficiency in terms of voltage and current or waits. 
The power efficiency of a rectifier depends not only upon 
the rectifier but upon the nature of the load circuit. To 
illustrate, consider a full-wave bridge selenium rectifier 
capable of delivering 25 volts at 1 amp. Obviously, the 
optimum load for this rectifier is one which will take 
l amp at 25 ohms and 25 watts. Assuming a 2-volt for- 
ward-voltage drop and disregarding the reverse leakage 
losses, the input will be 27 watts for an efficiency of 25 
over 27 or 92.6 per cent. Now assuming that the specific 
application for this rectifier requires only 10 volts, also 
at 1 amp, only 10 watts is required. However, the de- 
signer must still take care of the rectifier voltage drop so 
input must be 12 watts for an efficiency of 83.33 per cent. 
The foregoing is meant to show what is meant by opti- 
mum loading for any rectifier of the semiconductor, class. 

Instrument rectifiers are usually operated at an ex- 
tremely small percentage of their load capabilities and for 
this reason, rectification efficiency usually runs in the 
vicinity of 90 per cent instead of what the rectifier is 
capable at full-load conditions. At the approximately 90 
per cent point there is a rather sharp break in the curve of 
rectification efficiency vs load current. When instrument 
rectifiers operate in this knee region, difficulties become 
apparent in the form of exaggerated temperature errors 
and unpredictable tracking of the meter scale. This is 
the reason why most rectifier type instruments for a-c 
and d-c measurements which provide a sensitivity of 
20,000 ohms per volt or better on direct current. are set 
up for a-c measurements on the basis of only 1000 ohms 
per volt. 

It may be asked why the copper-oxide cells are simply 
not made still smaller so that, for example, a 50-amp meter 
would load the rectifier to say 10 per cent of its load 
capacity. The reason why this is not done is partly the 
difficulty in processing extremely small cells but prin- 
cipally the fact that although the cells could be made very 
small, the efficiency at a load proportional to the cell size 
This is due 
to the fact that reverse leakage loss in the rectifier is 
roughly proportional to the linear extent of the edge of the 
oxide area whereas the losses due to forward voltage drop 


is not nearly as high as would be expected. 


are inversely proportional to the oxide area. For pur- 
poses of illustrating this point, a term “area-edge ratio” 
can be used wherein the area is expressed in square units 
and the edge in lineal units. For a 1-in. sq copper-oxide 
cell, the area-edge ratio is 1:4. If the size is reduced to 
0.1-in. sq to approximate the average instrument cell size. 
the area is 0.01 sq in. with a 0.4-in. edge for a ratio of 
1:40. For a really small cell, say 0.01-in. sq, the area-edge 
ratio is 1:400. Theoretically, if it were physically possible 
to reduce the size of the copper oxide rectifier cell until 
only a single copper oxide crystal cell remained, the re- 
verse leakage current would equal the forward current 
with zero rectification efficiency. 
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In deciding upon the cell size for instrument rectifiers, 
the designer must determine the cell size which will operate 
with greatest efficiency at the loads which the rectifiers will 
probably be required to handle. The foregoing treatment 
of the matter of efficiency vs load is extremely important 
to the design engineer. Especially in instrument work. 
it is not uncommon for designers Lo specify a rectifier 
capable of 100 ma to handle a load of 1 ma, where a 
10-ma rectifier would do a much better job. Perhaps the 
large rectifiers are specified to provide ample overload 
capacity. Copper-oxide rectifiers are seldom damaged by 
current overloads, provided of course that the overload 
is not continued to produce overheating of the rectifier. 
Conversely, they cannot handle a very great voltage over- 
load and this has nothing to do with the area of the cells 
in the rectifier. 

Germanium. After selenium. the germanium rectifier 
is the most used of the solid-state devices. It is available 
in a great spread of power capacities, from miniature 
point-contact diodes (competing with vacuum tubes) to 
water-cooled junction-type power rectifiers, Fig. 16 (com- 
peting with mercury-are tubes and selenium stacks) . 

As a rectifier, germanium has so many advantages that 
it might be well to point out some disadvantages first to 
explain why germanium does not dominate the field en- 
tirely. One reason is that germanium is temperature- 
limited: the total temperature at the point or junction 
cannot exceed 65 to 80 C, at present. Higher temperatures 
alter the diffusion and can destroy the rectifier. Germa- 
The low 
voltage drop makes protection difficult. Junctions having 
forced air cooling can withstand 150 per cent full-load 


current for | min and 1500 per cent current for only 


nium has poor surge-current characteristics. 


4 sec. 


\ short circuit in the output of a germanium 
rectifier will destroy the junctions immediately. 
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Fig. 16—Left, is a 24-volt, 3000-amp germanium unit hav- 
ing automatic voltage and automatic current control by means 
of magnetic amplifiers. The germanium cells (upper left) are 
water cooled. Protection is afforded for overload or short cir- 
cuit of the germanium cells as well as excessive incoming water 
temperature or coolant water failure. The overall efficiency 
of this equipment is 91 per cent. (Bart-Messing Corp.) 


Fig. 17—Germanium cells illustrated are arranged in a 6-1-2 
connection to provide 1500 amp at up to 30 d-c volts and are 
air cooled. The efficiency of the cells at 30 volts is in excess of 
95 per cent. (Bart-Messing Corp.) 


Because of this surge-current limitation, protection is 
needed in germanium power rectifiers for overcurrent, 
undervoltage, coolant temperature and flow. Fast-acting 
circuit breakers are needed for such protection. 

On the “benefit” side of the analysis, germanium has 
much to offer. The ratio of forward to reverse resistance 
is about 1 to 400,000 maximum, far greater than the ratio 
for other metallic rectifiers. It has a low forward voltage 
drop (about 1% that of selenium) so that efficiency is high. 
The efficiency of a 3-phase germanium rectifier may be 
98 or 99 per cent. The overall efficiency of a 120-kw 
unit, including transformer losses and power required for 
cooling, is above 94 per cent. This contrasts with a maxi- 
mum of 85 per cent for an equivalent selenium unit. 

For a given power rating, a germanium rectifier is con- 
siderably more compact than its selenium counterpart. 
rig. 17. The reason for this is found in the fact that 
germanium rectifiers are frequently operated at current 
densities up to 300 amp per sq in. of rectifying surface. 
Even at such densities, the forward drop is less than 1% 
volt. Selenium has a drop of 1 volt at only 0.16 amp per 
sq in. current density. Thus, germanium can handle 
almost 2000 times the load of selenium with less voltage 
drop. A byproduct of the low voltage drop is good 
regulation. 

\ 2-kw air cooled germanium power rectifier occupies 
about 8 cu in. and weighs 12 oz. Under the same cooling 
conditions, an equivalent-rated selenium unit measures 
330 cu in., weighs about 3 lb. 

The rms voltage rating of a germanium junction is also 
better than that of selenium. In commercial units, this 
rating is between 65 and 80 volts. Although germanium 
is considered one of the newer rectifier materials, sufficient 
experience has been gained to indicate long life expect- 
ancy. When operated within the close temperature limits 
prescribed, aging is unnoticeable. Reverse leakage is low 
(about 15 that of selenium cells) making the germanium 
rectifier of importance in high-gain magnetic-amplifier 
circuits, 

With water cooling, the load capacities of germanium 
rectifiers can be extremely high. The present state of the 
art makes possible units up to about 6000 amp with d-c 
voltages of 65 volts. Higher currents can be obtained by 
operating rectifiers in parallel. Voltages up to approxi- 
mately 130 volts can be achieved by operating two units 
in series. Even higher voltages are possible by putting 
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more units in series although there is an economic limit. 

Silicon. Silicon is the solid-state rectifier of the 
moment. Although the service life characteristics are un- 
known now because of their newness, silicon rectifiers have 
certain characteristics that make them even more attractive 
than germanium. Aside from the question of life, the 
major disadvantage of silicon seems to be high cost. 

Like germanium, the silicon rectifier performs satisfac- 
torily at frequencies up to 25,000 mc. Reverse currents 
are extremely small, sometimes in the order of 10-1? amp. 
The rectification ratio is as high as 10 million. Thus, in 
most circuits, the reverse conductance may be neglected 
entirely. Forward voltage drop is about 1% volt at maxi- 
mum current. 

One of the greatest advantages of silicon is its tem- 
Already 
capable of operating continuously at ambients from — 65 
to 200 C. Laboratory units have been operated at 300 C 
without suffering a loss of rectification efficiency. The 


perature characteristics. available are units 


range can be extended by derating and forced air or liquid 
cooling. The silicon rectifier is almost always hermet- 
ically sealed so that atmospheric conditions have no bear- 
ing on their performance. Shock and vibration limits are 
high, being determined by the physical design of the 
package. Silicon rectifiers display no aging characteristics 
over extended periods of time. Maximum practical cur- 
rent rating for a single unit seems to be about 400 amp. 
Inverse leakage is a function primarily of junction tem- 
perature. This relationship is shown in Fig. 17. Another 
factor influencing inverse leakage is the reverse voltage. 
The leakage current is about 14 that of germanium and 
about 44, that of a “magnetic-amplifier quality” selenium 
stack of comparable rating. Silicon rectifiers do not fail 
suddenly due to high leakage current as germanium de- 
vices sometimes do, but exhibit noticeable warning to 
permit reducing input power to save the rectifier. 
Efficiency is high, being as much as 99 per cent for the 
higher-peak-inverse units operated at 60 cps. At 50 ke, 
eficiency drops to about 50 per cent. Like germanium, 
silicon rectifiers require some form of external current 
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Curve shows inverse leakage of a silicon rectifier as 
a function of junction temperature. (Bogue Electric Manufac- 
turing Co.) 


Fig. 18 


' 


limitir 


ig due to the very low forward drop across the 
diode. Silicon is highly sensitive to surge currents. 


with a figure of 20 times full load for 14 sec being given 
as the maximum. 

The compact size of silicon rectifiers is made possible 
by the higher current densities that can be handled by the 
material. The maximum figure is about 200 amp per 
sq cm. To fully appreciate the characteristics of the 
silicon units, they should be compared with a typical 
commercial selenium stack of equal current and voltage 


ratings. For example, the rating of a new rectifier, Fig. 





Fig. 19—New silicon rectifier compared with block represent- 


ing volume of selenium rectifier of equal rating. Silicon unit 
in finned case is 1 in. high and 1% in. in diam and delivers 
15 amp at 200 volts peak. (Westinghouse Electric Corp.) 
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19, when mounted in a finned case 1 in. high and 11 in. 
in diameter having natural convection cooling with a 65 
C ambient, is 15 amp at 200 volts peak inverse. A sele- 
nium rectifier capable of carrying 15 amp at this ambient 
would require plates of 45-sq in. cross-section. Since the 
commercial voltage rating per plate is only about 30 volts, 
seven such plates in series would be necessary. Thus the 
selenium stack would have a volume of about 150 cu in. as 
compared to 2 cu in. for the silicon unit, a space and 
weight saving of about 70:1. 

An obvious advantage for military applications is the 
fact that silicon can be operated with only moderate de- 
ratings at ambients of 180 C while selenium is undepend- 
able over 125 C at 
temperature also has a very important significance in that 


most. This high permissible cell 
air cooling may be used in nearly all instances thereby 
avoiding the complexities of water cooling. 
Magnesium-Copper Sulphide. These rectifiers are 
Voltage is 
The allowable current 
density is between 25 and 50 amp psi. The surge-current 


essentially low-voltage, high-current devices. 
limited to about 3 volts per cell. 


characteristics are excellent and magnesium-copper_ sul- 
phide rectifiers can withstand heavy current overloads 
without damage. Although the allowable temperature 
limits for selenium rectifiers have been improved consid- 
erably, this type of rectifier is still superior. Units operate 
satisfactorily between — 70 and + 135 C and up to 200 C 
for limited periods, 

Costwise, magnesium-copper sulphide rectifiers are 
about equal to the selenium. They are considerably better 
as far as aging is concerned, retaining essentially constant 
output and efficiency over their long operating life. In 
efliciency, this rectifier falls short of the superb ratings 
of the newer semiconductors.. Used in a single-phase full- 
wave circuit, the efficiency is approximately 37 to 42 per 
cent working into a resistive or inductive load and 40 to 
50 per cent when feeding a capacitive load. The efficiency 
of a three-phase, full-wave rectifier is independent of type 
Heavy-duty 
industrial types are particularly useful for low-voltage 
heavy currents and have been made in capacities from 
90 to 500,000 amp. 


of load and is between 52 and 57 per cent. 


Typical applications are in electro- 
plating and resistance-welding power supplies. 

Titanium Dioxide. In their present state, titanium 
dioxide rectifiers are still somewhat inferior in general 
properties to commercially available dry-plate rectifiers. 
They do, however, have some interesting properties. The 
main advantage is the ability to operate effectively at high 
temperatures without derating. Present indications are 
that stable operating characteristics under a 125-C am- 
bient temperature can be achieved. In physical construc- 
tion, cell voltages and current densities, they are about the 
equal of selenium. If this type of rectifier ever reaches 
a production status, unit cost may also be equivalent. 

In comparing room-temperature static current-voltage 
characteristics of titanium dioxide rectifiers with those 
published by manufacturers of selenium rectifiers, it has 
been found that the titanium dioxide rectifiers measure up 
favorably in the forward direction. On the basis of the 
commercial data available, they are as good as the average 
selenium titanium 
dioxide still exhibits higher reverse leakages and lower 
voltages than selenium. 


rectifier. In the reverse direction, 
A comparison on the basis of 
dynamic characteristics might be more favorable to the 


reverse characteristics of titanium dioxide. 
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Other Semiconductors. Several other semiconduc- 
tors are being studied to determine if they offer possi- 
bilities which might make them superior to rectifiers 
presently in use even for certain specialized applications. 

One of these is a tellurium-magnesium junction which 
has received preliminary investigation by International 
Rectifier Corporation under a research contract with the 
Signal Corps. This type of junction shows a forward 
resistance characteristic comparable with that of sele- 
nium, but the rms input voltages are limited to about 10 
volts per junction at present. However, it was found 
that the junction would operate satisfactorily at tempera- 
tures up to 400 C. In fact, it would operate better at high 
temperatures since it was found that the reverse tempera- 
ture coefficient forms a convex upward curve, opposite 
in shape to that of selenium. Leakage is high at room 
temperatures, but decreases markedly at both high and 
low temperatures. It is different from selenium and sim- 
ilar to germanium and silicon, in that no electro-forming 
tendencies were evident. 

Considerable interest and laboratory study are being 
extended to some of the intermetallic compounds, such as 
cadmium antimony, indium antimony, and aluminum 
antimony. Most of the work to date has been performed 


New Lug Bases 


with polycrystalline samples, which normally lend them- 
selves better to point contact type of rectifiers. However, 
methods of growing single crystals are being developed 
and it is hoped that superior results will then be obtained. 
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ONE CAUSE OF TROUBLE IN EQUIPMENT using the larger 
thyratrons and rectifiers (filament currents of 20 to 30 
a-c amp) is the occasional failure of socket spring con- 
tacts. In tracing the history of such a socket or tube fail- 
ure, it is generally found that when the tube is first plug- 
ged into the socket, it operates normally. After some time, 
the heat generated in the contact resistance, conducted 
down the heavy filament leads and radiated from sur- 
rounding equipment causes the spring to lose some of its 
tension. Also the heat, aided by the corrosive atmosphere 
present in some applications, causes the pin and spring 
contact to oxidize or corrode slightly. The corrosion, 
plus the lessening tension, increases the contact resist- 
ance, which, in turn, causes the generation of more heat. 
The process goes on until finally the contact resistance 
becomes so high the filament voltage is reduced below its 
lower limit. Improper tube operation may then occur and 
the filament is subject to damage. 

Tests show* that the bracket base with flying leads and 
lug terminals such as that shown in Fig. 1 has better 
electrical characteristics than the conventional electron 
tube plug base and socket. However, the bracket base has 
some undesirable mechanical features. A relatively long 


* See ‘Thyratron Filament Connections,” 


Evectrical Mancuractrurtinc, March 
1954, pp 96-99 
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time is required to install or change such a tube. Tools 
may be necessary and several mechanical and electrical 
connections must be made. Another disadvantage to the 
bracket base is the ease with which a wrong connection 
can be made by interchanging the flexible leads. The 
mounting bracket is large and increases space require- 
ments. The bracket base is also awkward and costly to 
handle in the production and testing stages. 

To eliminate these objections while exploiting the supe- 
rior electrical characteristics of the lug connection, the 
new lug-base and lug-base socket, Figs. 2 and 3, were 
developed. With this base. the tube leads are brought 





Fig. 1- 
flexible leads and lug-type terminals. 


Thyratron tube equipped with bracket base having 





Fig. 2—Close-up photograph of new lug-base socket. Lugs rigid- 
ly attached to tube base engage screw terminals at left. 


Fig. 3—View of tube with new lug base mounted in lug-base 
socket. Base and tube can be assembled together in only one 
way to eliminate the possibility of wrong connections. 


directly to lugs which are securely attached to the bottom 
of the base. These lugs, when screwed to the socket. 
provide the mechanical support as well as electrical con- 
nection for the tube. Since each electrical connection 
serves as a mechanical support. there is no need for a 
separate mounting bracket. 

Combining the electrical connections and mechanical 
support reduced the number of operations necessary to 
install or remove a tube. Installation of a tube equipped 
with a lug base is almost as simple as plugging a tube in 
a socket. The lugs on the base mate closely to the corre- 
sponding terminals on the socket. For installation the 
screws on the base are loosened, the lugs slid behind 
them and the screws tightened. Only a screwdriver is 
required. There is no possibility of wrong connection 
because, like the plug base and socket. there is only one 
way the lug base and socket fit together. Base and socket 
form a very compact unit. 

Comparative measurements were taken on some NL 760 
tubes using a lug base and socket and a standard plug 
base and socket. The NL 760 is a mercury vapor-argon 
thyratron with a plate current rating of 6.4 amp and a 
21-amp filament. The temperature rise of the contacts and 
the voltage drop across the contacts were measured under 
various load conditions. With no load (filament current 
only) the voltage drop across the spring contact was 15 
millivolts while the voltage drop across the lug contact 
was 3 millivolts. With a pulse of 100 amp peak, the 
voltage drop across the spring contact was 56 millivolts 
and with the same load the drop across lug contact was 
10 millivolts. 

The temperature rise of the contacts with no load (fila- 
ment only), rated load, and 150 per cent rated load is 
shown in Fig. 4 for both the lug base and the plug base. 
Under all three load conditions the lug contact was 
approximately 15C cooler. The same amount of heat 
is conducted down the filament leads to both types of con- 
tacts but the lower contact resistance of the lug connection 
generates less heat and allows the lug to run cooler. The 
high temperature rise of the spring contact not only shows 








hicl oat } . ‘ hel Fig. 4—Curves comparing the rise in contact temperature vs 
ugh contact resistance but may also in_ time v p o time for the plug base with the rise experience with the new 
lug base. 


cause contact failure. 
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Correcting Meter Readings 
on Servo and Gyro Motor Tests 


Considerations involved in deciding whether or not to correct meter readings 


obtained in a-c motor measurements are discussed and a calculation 


form presented that is useful in making corrections when necessary. 


A relatively unknown method of using a slide rule to calculate the square 


root of the difference between or the sum of two squares is also given. 


IN MEASUREMENTS INVOLVING ALTERNATING VOLTAGE, cur- 
rent and power, the need for correcting meter readings 
depends upon whether the power consumed by the meters 
is negligible when compared with the power consumed by 
the load, and whether the power supply and the test cir- 
cuit have good voltage regulation. Usually the need for 
correction is at a minimum when large motors or other 
high power loads are tested. On the other hand, the cor- 
rection of meter readings may be quite necessary when 
small servo and gyro motors or other low power loads are 
tested. 

Figures 1 and 2 show meters as arranged most fre- 
quently for single-phase testing. The main difference 
between the two is whether the wattmeter potential coil 
and the voltmeter are connected on the load side or power 
supply side of the wattmeter current coil. 

In Fig. 1 the wattmeter indicates power consumed by 
the wattmeter potential coil and the voltmeter as well as 
power consumed by the load. If power consumed by the 
instruments is negligible when compared with the load 
power, the wattmeter reading does not need correction. 
Otherwise the power consumed by these meters must be 
determined and subtracted from the wattmeter indication 
in order to obtain net power into the load. This is a 
simple algebraic subtraction. 

The ammeter indicates current drawn by the wattmeter 
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potential coil and the voltmeter as well as current drawn 
by the load. If current drawn by the two instruments is 
negligible when compared with the current drawn by the 
load, the ammeter reading does not need correction. 
Otherwise, it must be determined and subtracted from the 
ammeter indication in order to obtain net current into the 
load. This is a vector subtraction! Because the voltmeter 
is connected directly across the load it does not need cor- 
rection. 

In many test situations the voltmeter can be discon- 
nected while the wattmeter and ammeter indications are 
observed. The indications are subject to correction for the 
power and current drawn only by the wattmeter potential 
coil. However, the voltage regulation characteristic of the 
circuit must be such that the voltage across the load does 
not change when the voltmeter is disconnected. If the 
wattmeter potential coil also can be disconnected while 
the ammeter indication is observed, the ammeter indica- 
tion does not need to be corrected. Again, the voltage 
across the load must not change appreciably when the 
wattmeter potential coil and voltmeter are disconnected. 

If the voltage drop through the wattmeter current coil 
is negligible, its potential coil and the voltmeter may be 
connected on the power supply side of the current coil as 
shown in Fig. 2. With this arrangement, the wattmeter 
indication does not need correction. However, the am- 
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meter indication still is subject to correction for current 
drawn by the wattmeter potential coil and the voltmeter. 

When the power consumed by the meters is not negligi- 
ble, it is quite likely that the voltage regulation character- 
istic of the test circuit is such that the voltmeter and the 
wattmeter potential coil cannot be disconnected without 
causing an appreciable change in voltage across the load. 
This situation exists because the voltage drop through the 
wattmeter current coil or the ammeter or both is large. A 
change in current caused by disconnecting the voltmeter 
can make a large change in the voltage drop and therefore 
an appreciable change in voltage across the load. The 
same sort of thing can happen when the wattmeter poten- 
tial coil is disconnected. This can be checked easily by 
temporarily using a vacuum tube voltmeter or a very high 
resistance voltmeter in parallel with the load. 

The corrections that can be applied to meter readings 
obtained from the circuits in Figs. 1 and 2 may be derived 
by referring to the vector diagram, Fig. 3. The voltage V 
across the load is chosen arbitrarily as the reference vec- 


tor and the load current /; is shown with a power factor 





















Fig. 1—In this instrument hookup the wattmeter indicates load 
power plus power consumed by its own potential coil and the 
voltmeter. 


Ip= IL+]y+Iwp I, 















Fig. 2—If wattmeter potential coil and voltmeter are connected 
on power supply side of wattmeter current coil, correction of 
wattmeter indication is not necessary when voltage drop through 
its current coil is negligible. 


Fig. 3—Vector dia- 
gram of meter cur- 
rents, 


angle 6,. The current /,,,, drawn by the wattmeter poten- 
tial coil is shown in phase with V because the impedance 
of the potential coil is usually almost pure resistance. 
The current /y drawn by the voltmeter is shown in phase 
with V for the same reason. The current /, indicated by 
the ammeter is the vector sum of /;, and (J,,, + ly). Not 
shown on the diagram is the power W,, consumed by the 


load. Of course it is assumed that voltage and current are 
sinusoidal functions of time, and that impedance values 
are constants. 

If the circuit is as shown in Fig. 1, W,, is determined 
by subtracting algebraically the product of (/,., + /\) 
and V from W, which is the product of V and the in-phase 
component of /,. If the circuit is as shown in Fig. 2. 
W,, is W.. In either case. (/,,, + J.) can be written as 
V (1/R,, + 1/R,) where R,» is the resistance of the 
wattmeter potential coil and R, is the resistance of the 
voltmeter. Also, in either case, the magnitude of current 
drawn by the load is determined by subtracting vectorially 
(lwp +1,) from J,. 

Therefore, 


I, = V(U1 cos 6,)? + / 


/7Wir? Ww, | l\7 
VO) +e G sd) 
V | Ry Roe 


Thus far the discussion has been confined to single- 
phase examples. The extensions of this analysis to cover 
balanced polyphase circuits are relatively easy steps. It 
should be noted, however, that when the voltage drop 
through the ammeter and wattmeter current coil is appre- 
ciable, the meters and their connections should be chosen 
so as to preserve balance in the polyphase system. This 
means that two identical ammeters, two identical watt- 
meters and two identical voltmeters should be used in 
making a balanced two-phase test when meter corrections 
are necessary. Likewise, three identical wattmeters and 
three identical voltmeters should be used in making a 
balanced three-phase test when meter corrections are nec- 
cessary. This latter situation may come as a surprise to 
engineers who, without having given the matter much 
thought, have become accustomed to using the so-called 
two-wattmeter method of measuring power in three-phase 
circuits. 

In the case of balanced two-phase measurements, each 
phase is treated for single-phase testing, with half the 
total power being power per phase. In the case of balanced 
three-phase measurements, each phase is treated on the 
single-phase basis, with one-third the total power being 
power per phase, and with line-to-line voltage divided by 
\/ 3 being the voltage per phase. 

The correction of meter readings is something that all 
graduate electrical engineers have been exposed to. but 
which they tend to avoid for economic reasons. However. 
in some situations the required accuracy of test results is 
such that meter readings must be corrected. When these 
latter situations exist, the primary considerations are 
accuracy in computations, length of time required to do 
the work and choice of personnel to be assigned to the 
task. By routinizing the calculation procedure, it is possi- 
ble to utilize high school or electrical trade school gradu- 
ates on the computations required. With reasonable 
practice, such personnel can do an entirely adequate job 
of correcting meter readings at considerably less cost 
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METER CORRECTION AND MOTOR PERFORMANCE CALCULATION 


Nattmeter 
WaTTmere 


ot to be corrected 


*ntn + 
}} watts 


es = © X No. of ph X Vow 


net total watt a 


Fig. 4 
a small two-phase hysteresis motor. 


than if the work were done by a graduate electrical 
engineer. 

A calculation form has been devised that lends itself to 
routine use by anyone who can use a slide rule and who 
has a slight knowledge of electrical theory. The form was 
developed for use at the Massachusetts Institute of Tech- 
nology while the author was manager of the Electro- 
magnetic Engineering Section of The Instrumentation 
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DESIGN__ 
ASSIGN. W- 
CALC. BY_ 
CALC. DATE 





Correction meter readings worked out on M.I.T. Instrumentation Laboratory form, taken when making a brake test on 


Laboratory. This form is satisfactory for single-phase, 
balanced two-phase or balanced three-phase work. And 
it does not matter whether the wattmeter potential coil 
and the voltmeter are connected on the load side or on 
the power supply side of the wattmeter current coil. 

The form has been arranged so that step-by-step com- 
putations of the meter corrections are recorded in vertical 
columns. This particular form also includes spaces for 
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Fig. 5—Two-phase test circuit from which the meter readings 
listed in Fig. 4 were taken. 


calculating motor efficiency, and blank spaces which may 
be used for calculating /?R losses and other factors of in- 
terest in analyzing electric motor tests. The actual form 
is 8% by 11 in. in size for convenience in filing and has 
room for calculations with ten different sets of data. The 
standardized arrangement makes it easy to check calcula- 
tions by comparing one sheet with another. As with most 
tabular calculations, the nuisance of interruptions during 
calculating is minimized because when calculating is 
resumed after an interruption, the arrangement makes it 
easy to see what step to work on next. 

Because the use of the form with single-phase test data 
is so much like its use with balanced two-phase data, the 
first example to be given involves test data obtained by 
making a special brake test on a small two-phase hystere- 
sis motor with the least voltage required for synchroniz- 
ing. This example is illustrated by Fig. 4. After a descrip- 
tion of the two-phase calculation procedure, the procedure 
with single-phase data ought to be obvious. 

For the example of Fig. 4, in order to minimize un- 
balance in the two-phase system, two identical ammeters, 
two identical wattmeters and two identical voltmeters were 
used in the test circuit, Fig. 5. The wattmeter potential 
coils and the voltmeters were connected on the power 
supply side of the wattmeter current coils because the 
resistance values of the wattmeter current coils were negli- 
gible. All the meters were connected while readings were 
being made because the voltage regulation characteristic 
of the circuit would not permit otherwise. Although a 


Constants for Use in Output Equation (22) 











Torque unit Constant Reciprocal of constant 
Dyne-centimeters...| 1.047 x 10° 95,500,000. 
Gram-centimeters...| 1.03 x 10° 97,500. 
Ounce-inches......| 7.40 x 10+ 1,350. 
Ounce-feet........| 8.88 x 10° 112.7 
Pound-inches......| 1.18 x10 84.5 
Pound-feet........| 1.42 x10" 7.05 
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four-wire system is indicated, it is obvious that a three- 
wire system could have been used by combining lines 
2 and 3. 

On the calculation form line (1) is left blank because 
this item applies only to three-phase tests. For each run 
the arithmetic average of the voltmeter readings is re- 
corded on line (2). In the same manner, the average of 
the ammeter readings is recorded on line (15). The sum 
of the wattmeter readings is recorded on line (11). Note 
that the arrangement of the test circuit in this example 
is such that the total power indicated by the wattmeters 
is net power into the load. Therefore, the wattmeter read- 
ings do not require correction and lines (9) and (10) 
are left blank. The average resistance of the voltmeters 
and the average resistance of the wattmeter potential coils 
are recorded on lines (4) and (5), respectively. Line (3) 
is left blank because this is another item that applies 
only to three-phase tests. The data recorded thus far are 
all that is required for correcting the meter readings. 
However, because characteristics of the motor other than 
input are also of interest in this case, values of speed 
and torque are recorded on lines (19) and (20), re- 
spectively. The remaining entries on the form are results 
of the indicated calculations. 

In line (22) on the calculation form, output is in watts 
when speed is in rpm and torque is in dyne-centimeters 
and the constant is 1.047 « 10°. If other torque units are 
used, the constant will be different. Convenient values of 
this constant and its reciprocal for other commonly used 
torque units are listed in the table. The reciprocal of 
the constant is given for the convenience of those who 
are in the habit of dividing the product of speed and 
torque by a number in order to get power. 

In line (24) there is a choice between a direct deter- 
mination of efficiency by calculating the ratio of output to 
input and an indirect determination by subtracting the 
ratio of losses to input from unity. In general, when 
efficiency is greater than 50 per cent, calculation by the 
indirect method may be preferred because the slide rule 
can be read with greater accuracy. And with a little 
thought and practice the slide rule easily can be inter- 
preted to read from 10 per cent at the right hand index 
to 90 per cent at the left hand index, or from 90 per cent 
at the right to 99 per cent at the left as the case may be. 
However, it should be remembered that the accuracy of 
the calculated value of efficency can be no greater than 
the accuracy of the data upon which it is based. 

It should be obvious now that the calculation of meter 
corrections with single-phase data would be the same as 
described above for the two-phase case except that the 
number of phases used in lines (10) and (12) would be 
one. 

The use of the form with three-phase data is_illus- 
trated by Fig. 6 which includes test results obtained by 
making another special brake test on a_ three-phase 
hysteresis motor. For the same reasons given in the pre- 
vious example, identical ammeters, identical wattmeters 
and identical voltmeters were used in the test circuit, and 
all were connected while readings were being made. How- 
ever, in this test the wattmeter potential coils and the 
voltmeters were connected on the load side of the watt- 
meter current coils because the resistance values of the 
wattmeter current coils were not negligible. The circuit 
used is shown in Fig. 7. So as to sense line-to-neutral 
voltage, the wattmeter potential coils were connected to 
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Fig. 6—Example worked out for correction of meter readings taken when making a brake test on a three phase hysteresis motor. 


form a wye, which is necessary when measuring with three 
wattmeters. The voltmeters could have been connected 
to form a similar wye, but were connected to form 
a delta as shown so as to indicate line-to-line voltage 
which is usually specified for a three-wire, three-phase 
system. 

On the calculation form in each column, the arithmetic 
average of the three line-to-line voltmeter readings is 
recorded on line (1), and the average of the ammeter 
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readings is recorded on line (15). The sum of the watt- 
meter readings is recorded on line (9). Note that in this 
example the wattmeter indications are subject to cor- 
rection. The average resistance of the voltmeters and the 
average resistance of the wattmeter potential coils are 
recorded on lines (3) and (5), respectively. The data 
recorded thus far are all that is required for correcting 
the meter readings, but in order to analyze other char- 
acteristics of the motor, values of speed and torque are 
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Fig. 7—Test circuit from which the meter readings listed in Fig. 
6 were taken. 


recorded on lines (19) and (20) respectively. The re- 
maining entries on the form are results of the indicated 
calculations. 

The magnitude of line-to-line voltage on line (1) in 
the case of a three-phase system must be divided by \/3 
in order to obtain the voltage per phase recorded on line 
(2). This is because of the relation between line voltage 
and line-to-neutral voltage as shown by the vector dia- 
gram in Fig. 8. The load is considered to be wye-con- 
nected because the ammeters indicate current as though 
the load were connected in this manner. 

The value of resistance on line (3) is divided by 3.00 
in order to obtain the value of resistance on line (4) be- 
cause the latter is the wye-connected equivalent to the 
delta connected value on line (3). This can be explained 
as follows: The resistance per phase in the equivalent 
wye is line-to-neutral voltage divided by line current. And 
while the line-to-line voltage must be divided by \/3 in 
order to obtain line-to-neutral voltage, the phase current 


in the delta-connected resistance must be multiplied by \/3 
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Fig. 9—Corrected ammeter readings compared with actual meter 
readings obtained on a three-phase motor test. (See Fig. 6) 
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Fig. 8—Vector dia- 
gram shows rela- 
tionship of voltage 
per phase to line 
voltage in a three- 
phase system. 





in order to obtain line current. Also, the delta-connected 
resistance is line-to-line voltage divided by phase current 
in the delta. Therefore, 


Von Vi-2 1 ] J I-l ] 
ee 8 4h Pn, 
I; V3 V 31 pn 3 - 3 


The necessity for correcting meter readings in this case 
can be evaluated by comparing the corrected values with 
the corresponding uncorrected values. Although this com- 
parison can be made by visual inspection of the numbers 
on lines (9) and (11) and the numbers on lines (15) 
and (17), more vivid comparisons are made by the 
graphical presentations in Figs. 9 and 10. Fig. 9 relates 
input current to load torque, while Fig. 10 relates input 
power to load torque. The curves are not continuous be- 
cause one set of voltmeters was used for the low range 
readings and another set was used for the high range 
readings. The discontinuity in each uncorrected curve 
shows the effect of changing the voltmeters. The inflec- 


40 








Uncorrected 
merer 
readings « 
30 Z 
Ww 
- “4 
2) 
= 
2 
> 20 
°o 
a 
> ~ 
e a—_——> Corrected values 
es of power input 
to motor 


0 50 100 150 200 
Lood torque, Dyne-cm x 1000 


Fig. 10—Corrected wattmeter readings compared with actual 
meter readings on same motor test as for Fig. 6. 
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tion in the corrected current curve is a characteristic of 
the motor iested and is not associated with changing the 
voltmeters. The curves show that the necessity for cor- 
recting meter readings is quite dependent upon just what 
meters are used and to what degree the test results must 
be accurate. 

If the calculations indicated on lines (16) and (17) 
are performed on a log-log-decitrig slide rule, it is not 
necessary to record the value on line (16) because this 
value appears on the slide rule in such a way that it is 
easier to go right on with the solution for line (17). 
Recognition of this fact may result in the saving of time 
during calculating. 

In the event that such a slide rule is not available, the 
calculations for lines (16) and (17) can be performed 
easily by another method on any slide rule that has at 
least A, B, C and D scales. This alternative method of 
calculating the square root of the sum of or the difference 
between two squares ought to be of value for many calcu- 
lations in addition to those described in this article. See 
box. 

Obviously, variations of the calculation form could be 
used for special cases, but the ones already devised are 
not considered to be of enough general interest to merit 
description in great detail. Some were made especially 


for two-phase or three-phase so as to further reduce the 
amount of time required for calculating and recording, 
and another was made that does not require finding the 
square root of the difference between or the sum of two 
squares, and still another was made that utilizes in part 
a graphical calculation procedure. 

The author wishes to acknowledge the cooperation of 
the M.I.T. Instrumentation Laboratory in giving permis- 
sion to disclose its Form No. IL-119, and to show ex- 
amples based on actual test data obtained in the Electro- 
magnetic Engineering Section of the Laboratory. O O © 
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Slide Rule Calculation of Square Root of the Sum or the Difference Between Two Squares 


THE METHOD INVOLVES two simple operations on the 
slide rule and is based on the well known trigonometric 
relationships indicated in the sketch. It is assumed 
that the slide rule has A, B, C and D scales and that 
the numbers on the A and B scales are squares of the 
corresponding numbers on the D and C scales. 

If the square root of the sum of two squares is to be 


Vae+bhorc =b 


iat 
/ — . . ° 
\ (- ) + |. The first operation on the slide rule 
) 


is to set the larger number a on the C scale opposite the 
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a? 
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1 scale index. The second operation is to add mentally 
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b b 


value on the B scale opposite the A scale index. The 


a? 
value of /( + 1 appears on the C scale oppo- 
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site the D scale index, and the value of ¢ appears on 
the C scale opposite b on the D scale. 

If the square root of the difference between two 
squares is to be determined, this corresponds to 
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tion on the slide rule is to set ¢ on the C scale opposite 
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the C scale opposite the D scale index, and the value 
of a appears on the C scale opposite b on the D scale. 

After this method has been learned, it is surprisingly ( 
easy to remember and to use, even though its descrip- 
Perhaps the 
most important thing in this method is to remember 
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practice with the 3-4-5 right triangle will help in 
quickly learning the method and in easily recalling 
the method. a 
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Automatic Machine 
for Cast-Resin Applications 


Design for cast components and circuit subunits is facilitated by the 

use of an automatic production-line r2sin-mixing and potting or embedment 
machine. Principal advantage is the elimination of short-time wasteful 
operation previously imposed by the limited pot life common to most 
two-constituent resins used in casting. Machine cycle begins by mixing 
base resin and catalyst in desired correct proportions by means of 
gear-driven proportioning pumps and ends by filling the unit to be cast. 


The authors provide details of machine design, construction and operation. 
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Fig. 1—Left, front view of automatic resin-potting and embedment machine, developed at Diamond Ordnance 


Fuze Laboratories. Note control panel and mixing apparatus. Right, a rear view of machine showing arrangement 
of metering pumps and other elements. (See also Fig. 4) 
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THE CHARACTERISTICS OF CASTING RESINS and their fast- 
growing uses in the potting and embedment of electronic 
components and assemblies for protection against ex- 
treme environmental and handling conditions have been 
discussed previously in this publication. (J) * 

An automatic machine for resin mixing and for pot- 
ting will be described here. It was developed at the 
Diamond Ordnance Fuze Laboratories to alleviate the 
handling difficulties caused by the inadequate pouring or 
pot life of many resin compounds. These compounds are 
of the two-constituent type: They comprise the base resin 
and a catalyst mixed in correct proportions and usually 
exhibit a limited pot life, sometimes only a few minutes. 
Such short pot life may lead to wasteful small-batch 
operations. 

The machine as developed at DOFL and later modified 
is shown in Fig. 1. Although originally designed for, 
and proved in, laboratory use, it has shown even greater 
advantages on the production line. 

At the time its development was planned, no similar 
machine was available. Since then, however, two have 
appeared: One is an automatic proportional metering and 
mixing machine. (2) It differs from the machine 
described here in that it employs metering cylinders con- 
trolled by solenoid valves and limit switches rather than 
metering gear pumps. It also incorporates a batch deaerat- 
ing unit, and other refinements that increase efficiency 
but also increase costs. The other automatic blending unit 
is reported (3) to provide continuous metering of two 
liquid components in any ratio through constant displace- 
ment devices and thence to a mixing and dispensing gun. 
This machine also differs from the DOFL unit in the 
metering devices. Apparently, neither of the other two 
machines incorporates an automatic purging system. 


Heating, Mixing, and Purging Systems 


The DOFL potting machine comprises three inde- 


* Italic numerals in parentheses apply to Cited References at end of article. 


+ For convenience, the machine will be described as a ‘“‘potting’’? machine 
instead of a “‘potting and embedment machine.” 
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Fig. 2 (left)—Flow diagram of 
heating system for automatic 


Fig. 3 (right) 
for resin-catalyst mixing system. 


pendent systems: (1) heating, (2) resin-catalyst mixing, 
and (3) purging. Use of the three systems is coordinated 
through manually operated switches located on an acces- 
sible control panel as shown in Fig. 1. 

Heating system. Its function is to maintain the resin 
and catalyst at elevated temperatures in order to reduce 
viscosity and to speed leveling in the potted or em- 
bedded unit. This is accomplished by circulating water or 
other higher-boiling liquids, heated by a thermostatically 
controlled immersion heater, through coils located in the 
resin and catalyst tanks. A small centrifugal pump is used 
to circulate the heated liquid. Figure 2 provides a flow 
diagram. 

Resin-catalyst mixing system. A flow diagram for this 
system is given in Fig. 3. The resin and catalyst, heated 
by the circulating water, flow from the reservoir tanks 
through 120-mesh stainless screen filters to the suction 
sides of the two proportioning, positive-displacement, 
gear pumps. Figure 4 shows the single-motor arrange- 
ment used to drive the metering pumps. 

The metered resin and catalyst are then pumped 
through insulated lines to spring-loaded, normally closed 
check valves located in the reception head of the mixing 
chamber. Valves are opened by the pressure imparted to 
the resin and catalyst by the metering pumps. 

Mixing chamber construction as detailed in Fig. 5 
calls for a small tube with a bore that has a large length- 
to-diameter ratio, approximately 7 in. to 1 in. The dual- 
helix stirrer (Fig. 6) has dimensions only slightly smaller. 
Desired stirrer speed is obtained by the use of a simple 
gear reduction box located between the small driving 
motor and the mixing chamber. 

The machine continuously mixes the resin and the 
catalyst, as they are required, with only a small volume 
of mixture in the mixing chamber at any one time. This 
alleviates the problem of working with premixed batches 
of resin-catalyst which have very short pot lives. The 
outlet valve to the mixing chamber when opened actuates 
the motor that drives the two metering pumps. Therefore, 
resin and catalyst mixed in correct proportion flow con- 
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Fig. 4—Arrangement of drive motor, gear train and 
two metering pumps for resin-catalyst mixing sys- 
tem. (Top view as installed.) 
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Fig. 5—Cross section of mixing chamber. 


Fig. 6 (below)—Detail of dual-helix stirrer used in mixing 


chamber. Outer portion is left-hand helix; inner is a right hand 
helix. 
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tinuously when the outlet valve is in the open position 

Purging system. A built-in purging system thoroughly 
cleans all areas of the machine with which the resin- 
catalyst mixture has been in contact. This system is used 
when for any reason it becomes necessary to have the 
machine stand idle for a length of time greater than the 
pot life of the mixture. There are two parts to the system: 
a solvent-flushing system, and a drying air system. 

Flow diagram for the solvent-flushing system is shown 
in Fig. 7. The solvent flows from a small tank to a small 
centrifugal pump through a solenoid valve that is open 
only when the manually operated switches are in the 
“Purge” and “Solvent” positions, and through a check 
valve to the mixing head. This check valve is similar 
to the ones used for the resin and catalyst mixing system, 
with the exception that the spring requires less force to 
open. 

Solenoids can be used to assist in opening this valve; 
they are particularly desirable in the purging system 
because of the low pressure that is built up. The mixing 
chamber is thoroughly purged of the resin by means of the 
solvent. The drying air system (description of which fol- 
lows) is used to remove solvent from the mixing area. 

In the air drying system air is delivered by a small 
centrifugal blower and is passed over the heating ele- 
ments. The warm air then passes through a solenoid valve 
that is open when the manually operated switches are in 
the “Purge” and “Drying Air” positions, and through 
the same check valve used for the purging solvent. and 
then through the outlet valve. After the complete purging 
cycle, the machine is clean and free of solvents that might 
inhibit the polymerization of the resin and is again ready 
for operation. 

The electrical circuit for the integrated systems is 
diagrammed in Fig. 8. 


Operation of the Machine 


The switch labeled “Water Pump Heater” is the master 
switch. It is directly across the incoming line. When it 
is closed, the heating system pump and the thermostatical- 
ly controlled immersion heater are then functioning. This 
master switch is closed a short time prior to using the 
machine to insure that the resin constituents are heated 
to the proper temperature. The exact time required to 
heat the constituents varies with the resins being heated 
and the heating liquid used in the heating system. 

When the desired resin temperature is obtained, the 
switch labeled “Stirrer” is closed and is kept closed so 
that the stirrer is rotating throughout the potting and 
purging operations. To insure that the stirrer is operat- 
ing as required, the circuitry is so designed that the 
switches controlling these operations are ineffective un- 
less the stirrer switch is closed. The normally closed 
momentary-contact switch labeled “Stirrer Stop,” is 
opened while the mixing chamber is being filled. This 
prevents air in the chamber from being stirred into the 
incoming resin and catalyst. At the same time, the outlet 
valve is opened and the switch labeled “Pot-Purge”’ is 
placed in the “Pot” position. The “Stirrer Stop” switch 
is held depressed until the mixing chamber is filled (as 
evidenced by resin oozing out the outlet nozzle). The 
outlet valve is then closed and the switch is released 
so that the contents of the mixing chamber are thoroughly 
stirred. 

The machine is now ready to deliver as a continuous 
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Fig. 7—Flow diagram of purging system 
for automatic resin potting machine. 


operation a homogeneous mixture of resin and catalyst 
at the desired temperature and in correct proportions. 
Units being potted or embedded are supported on an ad- 
justable-height table. 


Discussion 


The automatic potting and embedding machine for 
two-constituent casting resins has been used with satis- 
factory results in the laboratory and in production line 
operations. It is significant that the machine used in 
these satisfactory early operations was the first model 
that was built. It was rather crudely assembled to deter- 
mine whether the process was feasible. 

The machine as illustrated in Fig. 1 reflects a few 
minor modifications. These were based on experience ob- 
tained from overations with the original machine. For 
example. a 120-mesh stainless steel screen filter was in- 
troduced to filter the resin and catalyst before they enter 
the metering pumps. Since the clearances between mating 
gears in the metering pumps are very small, it was neces- 
sary to filter out any small particles that might be in the 
resin in order to prevent jamming of the pumps. 

In a still later modification, the resin check valve 
has been placed above the catalyst check valve with a 
baffle between them. This design as shown in Fig. 5 dif- 
fers from the horizontal arrangement of the valves shown 
in Fig. 1. The new arrangement was made in order to 
keep a pool of resin with a minimum of catalyst in con- 
tact with the stirrer bearing so that, if seepage should 
occur around the stirrer shaft, the resin would not harden 
and freeze the shaft in the bearing. 

The factor limiting the rate at which the machine will 
pot or embed electronic units has been found to be the 
rate at which the units will accept the resin: therefore. 
a long thin tube, approximately 14 in. ID, has been suc- 
cessfully used to fill the units from the bottom. The tube 
enters the unit to be potted at the top and extends to the 
bottom, and the resin, rather than flowing down on the 
mass of wiring and components, is allowed to fill the 
unit from the bottom up, thus minimizing air pockets 
and increasing the rate of potting. 
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Fig. 8—Electrical circuit for integrated heating, resin-cata- 
lyst mixing and purging systems of the potting machine. 


If a new machine were being built it probably could 
be more compactly packaged and also could incorporate 
additional conveniences. For example, by using a timing 
device, relay, and solenoids the machine could be made 
to purge automatically at preset intervals. This would 
eliminate dependency on the operator for purging the 
machine when it was left idle for a length of time greater 
than the pot life of the resin-catalyst mixture. Also, a 
friction clutch could be incorporated between the driving 
motor for the gear pumps and the gear train in order 
to eliminate surges in the resin mixing system caused by 
quick opening and closing of the outlet valves. 

This machine can easily be converted from the use of 
two-constituent resins to the use of multi-constituent 
resins by the introduction of a suitable number of tanks, 
check valves, and metering pumps. 

A patent application for this machine is being con- 
sidered, but has not as yet been filed. O00 
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Variable-Speed A-C Motor Introduced 


European-based design uses non-brush-shifting commutator 


with counter-emf supplied through variable transformer. 


VARIABLE SPEED RANGES from 2:1 up to 
30:1 and ratings ultimately up to 1250 
hp are obtainable in a high-efficiency 
variable-speed a-c motor drive in- 
troduced into this country by Bogue 
Electric Manufacturing Company, 
Paterson 3, N. J. The motor was first 
developed in Europe and was refined on 
a commercial basis by the British firm 
of Laurence, Scott & Electromotors, 
Ltd. who have licensed Bogue to pro- 
duce the motors here. 

Variable-speed a-c motors include 
wound-rotor types that waste energy 
in secondary resistance control. Others 
employ a counter-emf system in which 
a rotary converter (Kraemer), fre- 
quency changers, or an adjustable auto- 
transformer (Scherbius) are em- 
ployed.* All of these European systems 
use one or two other rotating machines 
besides the main induction motor. In 
the Schrage motor, manufactured in the 
United States by General Electric Com- 
pany as the ACA motor, the function of 
counter-voltage feedback is accom- 
plished by a commutator winding with- 
in the motor itself and speed control is 
achieved by shifting three commutator 
brushes with respect to each other. The 
Scott motor now being made by Bogue 
falls somewhere between the Schrage 
motor in that it uses a commutator and 
the Scherbius system using an adjust- 
able autotransformer. 

The Bogue N-S motor system con- 
sists of two major components, Fig. 1, 
the induction motor proper and an 
induction regulator, basically an auto- 
transformer in the form of a wound- 
rotor motor with limited arc of rotation. 
Through a handwheel, graduated dial 
and worm and wheel the rotor can be 
rotated one pole pitch either side of 
neutral. The induction regulator effects 
an exchange of energy between the mo- 
tor rotor and the supply in order to 


* See “‘Adjustable-Speed Drives,’”” by L. P. Winser 
and E. E. Mayer, Exvecrrica, Manuracturinc, Novem- 
ber 1952, p. 113. 
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control speed below or above synchron- 
ism. At  below-synchronous — speeds, 
power is taken from the rotor and re- 
turned to the line; at speeds above 
synchronism, power is fed to the rotor 
from the regulator, Fig. 2. 

In effect, the double induction reg- 
ulator injects into the rotor windings 
a voltage of variable magnitude from 
a maximum in one direction through 
zero (at synchronous speed) to a 
maximum value in the other direction. 
This arrangement obviates the need for 
shifting the brushes to produce the 
same counter-emf effects. The brushes 
can then be set in the optimum posi- 
tion from a sparking point of view and 
there is no limitation on horsepower 
due to that cause. 


The size of the induction regulator 
is governed by the relative slip speed 
desired above and below synchronism. 
Hence, the larger the speed range, the 
larger the induction regulator and the 
higher the cost of the drive. The reg- 
ulator handles only the differences in 
power and its losses are proportional 
and additive to the motor losses. In an 
M-G set for a Ward Leonard drive, the 
efficiency of the generator is multiplied 
by the motor efficiencies to obtain the 
overall drive efficiency. 

In the Bogue N-S motor, when the 
stator is energized from the line, a 
rotating magnetic field is set up in the 
conventional manner for a polyphase 
induction motor. The frequency and 
magnitude of the voltage induced in 





Fig. 1—Bogue N-S Variable-Speed A-C Drive consists of commutator-type wound- 
rotor motor (right) and induction regulator (left). 
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830 rpm, 50 hp delivered at shaft 


2500 rpm, 150 hp delivered ot shaft 


Fig. 2—Power flow diagram for an N-S motor at various speeds. Constant-torque; synchronous speed, 1800 rpm. 
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Fig. 3—Speed regulation of shunt opera- 
ted N-S motor. 


the wound rotor decreases as the speed 
increases until at synchronism both are 
zero. When the output of the induc- 
tion regulator is applied to the arma- 


s 





Induction 
regulotor 





Fig. 4—Schematic of series connections 
of N-S motor. 


ture brushes it can be adjusted to buck 
or add to the induced rotor voltage 
and hence govern the speed. By build- 
ing up the regulator voltage to add to 
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Fig. 5—Pilot-motor-operated induction regulator for large N-S motor of 100-hp nom- 


inal rating (British design). 
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the armature voltage, motor speeds 
above synchronism are obtained. For 
the shunt arrangement shown in Fig. 
2, output of the motor is at con- 
stant torque. The shape of the inherent 
speed-torque characteristics is shown 
in the family of curves of Fig. 3. When 
accurately controlled constant speed is 
required at any setting it can be pro- 
vided. For driving hoists and similar 
traction loads, the motor can also be 
connected to operate as a series motor, 
Fig. 4. 

A hand-operated regulator can be 
placed at a location remote from the 
motor for convenience of the operator 
and a tachometer generator can supply 
speed indication. It is also possible 
to provide a pilot motor operator for 
the regulator motor, Fig. 5, controlled 
by push buttons. Through various types 
of transducers, servo operation can be 
obtained. The method of control may 
consist of a servo motor or air or hy- 
draulic piston providing rotor adjust- 
ment through rack and pinion. Auto- 
matic speed control is also available. 
Using a pilot motor the accuracy of 
control is +1 per cent. Speed can be 
controlled to within +2 rpm through a 
magnetic amplifier controlled servo 
system. 

The N-S motor can be designed for 
reversing operation. Regenerative brak- 
ing is inherent in the design of the 
motor and in most applications pro- 
vides adequate deceleration. Controlled 
rapid deceleration also can be obtained 
by dynamic braking at a rate more 
pronounced than for a conventional in- 
duction motor. 

The motors are being built in over 
thirty frame sizes, with NEMA D 
dimension ranging from 434 to 17 in. 
and F dimension from 314 to 10 in. 
In the largest frame now tooled the 
largest power rating is 225 hp at maxi- 
mum speed of 1500 rpm with a 3:1 
speed range. In a motor rated at 10 hp 
at 3000 rpm max, the D dimension 
for a 30:1 speed range is 7 in. Special 
speed ranges and power ratings are 
available up to 1250 hp. 000 
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Thermistor Measures Roast Temperature 


D. W. SCOFIELD 


Advanced Development Engineer 
Range Division 
Pxitco Corporation, Philadelphia 


THE TREND IN APPLIANCE DESIGN is to- 
ward automatic or semi-automatic fea- 
tures to make them more foolproof and 
give better performance with less su- 
pervision on the part of the user. An 
example of this type feature is the 
Roastmeter on the 1955 Philco electric 
ranges. This unit, Fig. 1, gives external 
indication on a dial in the control panel 
of the degree of “doneness” for meat 
roasting in the oven. 

It is an electrical telemetering system 
consisting of a heat-sensitive resistor 
mounted in the tip of a metal probe as 
a transmitter and an electrically heated 
bimetal as a receiver. Energy is sup- 
plied to the circuit from a transformer 
and a voltage regulator. The trans- 
former provides safety through low 
voltage (6-7 volts) and complete elec- 
trical isolation of the portable probe 
from the normal 115-volt supply line. 

The indicator is of the thermal type 
having an ambient compensated form 
of bimetal lever upon which an elec- 
trical heater is mounted. The free end 
engages a pointer which is pivoted to 
provide a large movement with a small 
displacement of the bimetal. 

The probe consists of a stainless steel 
tube with a copper tip in which is lo- 
cated a thermistor or negative coeff- 
cient resistor in the form of a disk ap- 
proximately 0.2 in. in diam and 0.020 
in. thick. These are produced, checked 
and adjusted individually to very close 
tolerances. They are processed to re- 
main stable over a long period of time 
even when exposed to temperatures 
much higher than those encountered in 
normal use. The thermistor has one of 
its silvered surfaces in intimate thermal 
and electrical contact with the inside 
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Fig. 1—The Philco Roastmeter 
thermistor in the stainless steel probe to 
measure the interior temperature of roast 
or fowl. 


uses a 


face of the copper tip. A thin disk with 
a wire lead attached is held in contact 
with the opposite face of the thermistor 
by means of a helical spring. The wire 
lead is brought out of the probe in an 
armored sheath through a seal and is 
connected to a plug. In use, the probe 
is inserted so that the tip reaches the 
approximate center of the roast and the 
plug is inserted in a jack on the oven 
wall just inside the door. 

A voltage regulator is necessary be- 
cause the accuracy of the system de- 
pends upon having a fixed voltage so 
that the current through the indicator 
is related to probe temperature only. 
The voltage regulator is also a thermal 
device and has a temperature compen- 
sating bimetal lever upon which an 
electrical heater is mounted. The free 
end of the bimetal carries a silver con- 


Roastmeter 
indicator 


Voltage regulator 





15 
volts 

Therm stor 
Fig. 2—Schematic diagram of telemeter- 


ing circuit for remote indication of tem- 
perature, 


tact button which engages a stationary 
contact. The input circuit, Fig. 2, con- 
nects to the stationary contact and one 
end of the heater. The opposite end of 
the heater is connected to the bimetal 
lever. The output circuit 
both ends of the heater. 

The regulator is a pulsing type device 


connects to 


adjusted to remain closed at approxi- 
mately 5.2 volts. At higher voltages the 
heated bimetal opens the contacts and 
interrupts the heater circuit. After in- 
terruption the bimetal cools and _ re- 
makes contact. As the input voltage 
rises the rate of cycle increases and the 
proportional period during which the 
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Fig. 3—Indicator pointer translates roast 


temperature in degrees of “doneness.” 
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heater is energized becomes smaller. 
This regulator is ideal for use with the 
thermal type indicator as they both 
work on the same integrating effect. 
The overall accuracy of the system is 





cr 


good (about +3-5 deg). The specific 
temperatures are not given numerically 
but graduations are shown as degrees 
of doneness as “Rare,” “Medium,” and 
“Well,” Fig. 3. The actual temperature 







difference between the basic tempera- 
ture. is 15 deg and if the accuracy is 
+5 deg it can be seen that the maxi- 
mum variation still indicates to the 
nearest point of interest. OOO 


Two New Systems Speed Screw Driving 


AUTOMATIC TORQUE CONTROL and elimi- 
nation of hand placement of fasteners 
are responsible for the improved qual- 
ity control and faster assembly times 
obtained with two new fastening tools. 
Automatic torque control in the Mag- 
namatic screwdriver and nut runner, 
Fig. 1, is achieved by the force of a 
permanent magnet acting on the clutch 
that connects motor and driving tool 
bit. The clutch disengages the instant 
proper torque is reached, and stays dis- 
engaged until the screwdriver is re- 
moved from the work. Thus, the human 
element in determining proper fastener 
tightness is removed entirely from the 
driving operation. Because the clutch 
j objectional 


jaws remain 
ratcheting or action and 


separated, 
impacting 
noises are eliminated. 
Shown in Fig. 2 are the driving N 
and the driven K clutch jaws. Torque 
setting is made by screwing the magnet 
assembly M into or out of the driving 
jaw. This adjustment 
depth of engagement and the angle of 
contact between the jaw teeth. The top 
drawing shews the clutch set for maxi- 
mum torque. The magnet assembly has 
been screwed all the way into the driv- 


changes the 


ing jaw, allowing the driven jaw to 


move to the left until the armature 
plate L contacts the magnet assembly. 
Because of the steep contact angle the 
torque required to cam the jaws out of 
engagement will be high. Once the 
driven jaw does separate, it is pre- 
vented from re-engaging (by a mech- 
anism not shown) until the operator 
relieves axial pressure. 

The lower drawing shows the clutch 
set to deliver minimum torque. The 
magnet assembly has been screwed out 
of the driving jaw, preventing the teeth 
from fully engaging. Thus, the contac 
angle is relatively small and a lower 
torque will be required to overcome the 
magnetic force and separate the jaws. 

\ new automatic screw feeding de- 
vice, claimed to speed fastening opera- 
tions from 50 to 400 per cent, is shown 
in Figs. 3 and 4. Screws are pneumatic- 
ally driven from a magazine below the 
hopper, through a plastic hose, to the 
head assembly. A cut-off plate below 
the magazine enables compressed air 
to feed screws one at a time. The head. 
designed to fit standard power screw- 
drivers, grips the screws such that they 


may be driven at any angle, in any 
plane. After a screw has been driven 
and the bit retracted, the next screw is 





Fig. 1—Series of automatic screwdrivers and nut runners manufactured by Chicago 
Pneumatic Tool Co. Screw sizes handled range from No. 6 up to % in. 
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CLUTCH SET TO DELIVER 
MAXIMUM TORQUE. 





depth of engagement 


CLUTCH SET TO DELIVER 
MINIMUM TORQUE. 





Fig. 2—Magnetic clutch assembly. Torque 
setting is made by adjusting depth of 
engagement of driving and driven clutch 


jaws. 





Fig. 3—Automatic screw feed, manufac- 
tured by Pneuma-Serve, Inc., Cleveland, 
being used with a power drill in a gasket 
and cover fastening operation. Entire 


including fastening of 17 
screws, requires 30 sec. 


sequence, 






























SL RETIRE 


DESIGN TRENDS 


OE I En REN TE SE 





automatically fed and __ positioned. 
Driver and head assembly can be used 
up to 20 ft from the hopper. 

A large variety of screw types and 
sizes can be accommodated including 
bolts and screws with washers attached, 
self-tapping and machine or wood 
screws, in diameters and lengths to 4 
and 114 in., respectively. OOO 


tHead assembly in driving posi- 


Fig. 4 
tion. After a screw is driven, head retracts 
and next screw is pneumatically position- 
ed through the large plastic feed tube. 








Hi Style for Hi Fi 


AN ATTRACTIVE gray and beige color combination and a new 
decorative gold and gray nameplate are appearance features of 
this 50-watt high fidelity power amplifier styled by Raymond 
Loewy Associates for Fairchild Recording Equipment Company 
of Whitestone, N. Y. This attractive styling is indicative of an 
important trend toward improved appearance of the various 


components for home high fidelity systems. 
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Unitized Pole Design in Compact Relay 


O. M. BUNDY, Manager of 
Product Planning 
CLarK CONTROLLER Company, Cleveland 


As INDUSTRIAL EQUIPMENT BECOMES 
MORE AUTOMATIC and features increas- 
ingly complex cycles, control panels are 
being equipped with more relays. This 
creates problems in finding space for 
them all, makes wiring more complex, 
and multiplies parts stocking and main- 
tenance problems. To improve this situ- 
ation, Clark Controller Company has 
developed the new Type PM relay, 
which substantially reduces panel space 
requirements. 

An important feature of this relay is 
a unique sectional pole design, Fig. 1. 
Each pole is mounted in its own individ- 
ual molded melamine plastics block, 
which can be removed without disturb- 
ing other poles or wiring. Fixed contacts 
are attached to the block. Moving con- 
tacts are carried by a nylon carrier. 





Fig. 1—Individual pole assembly attaches 
to relay frame with only one screw. Hous- 
ing is melamine while moving contact 
carrier is nylon. Groove in carrier at 
bottom engages crossbar operated by 
magnet. Top and left side of block form 
solid melamine walls. 


This carrier is slotted near its bottom 
to engage the crossbar which is moved 
by the magnet. 

The standard melamine pole housing 
is open at the front, right side and bot- 
tom. The top, left side and back have 
solid walls. The left wall provides a 
barrier between each pole. Each pair 
of contacts thus has its own arcing 
chamber. A short circuit through one 
pole cannot carry through to others. 

As an index of the small sizes 
achieved, a 12-pole type PM relay meas- 
ures only 41% in. wide by 7% in. high. 
But, more important than the physical 
size of the units themselves is the fact 
that the relays have been designed to 
require minimum space around them. 
Side access is unnecessary, and with 
melamine walls enclosing each pole, re- 
lays can be mounted directly side-by- 
side. The top of each block is enclosed 
so that the top of a row of relays forms 
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a natural shelf on which wiring can be 
run. This reduces by 1 to 3 in. the width 
of the required wiring gutter. 

Below a relay, it is customary to allow 
1, in. of electrical clearance. The space 
needed for coil change has been kept 
to a Minimum, requiring only °x, in. in 
addition to the usual 1% in. Thus, the 
total space requirement below the relay 
needed for changing coils is only 7g in. 

Surveys among machine tool builders 
and other relay users showed that 75 
per cent of applications for relays of 
this type are for 2, 3 or 4 poles. Another 
15 per cent are for 4 to 6 poles; 3 per 
cent are for 8 poles; and the remaining 
3 per cent for 9 to 12 poles. The new 
line includes up to 8 poles without 
double-decking, which permits control 
panel builders to handle 97 per cent 
of their requirements without the com- 
plicated wiring and increased vertical 
space which double-deck relays require. 
This has been accomplished by utilizing 
the otherwise waste space on either side 
of the magnet to mount one or two extra 
poles. Thus, the 6-pole unit becomes an 
§-pole relay with no increase in size. 
The 10- to 12-pole model is double- 
decked. 

To keep space requirements low, and 
simplify wiring and maintenance, front 
access was provided to all components. 
Terminals are at the front. Poles are re- 
moved and from the 
Magnet coils are changed 


front. 
from. the 


replaced 


front. Should it be necessary to change 
the entire magnet. this can be done from 
the front by removirg the coil and four 
screws, without need for disconnecting 
any wiring to relay poles. 

Special Sizes. The 10-to-12-pole relay 
has exactly the same mounting dimen- 
sions as the NEMA Size | starter. Stand- 
ard 4 and 6-to-8-pole sizes are lower. 
When a starter is mounted, and perhaps 
a 10 or 12-pole relay beside it. an un- 
even row and probably no vertical space 
saving would result if single-deck relays 
were used in the same row. Accordingly. 
special double-deck 6- and 8-pole 
models are being made available in 
such and _ will 
space since they are 


rows. horizontal 


narrower 
their single-deck equivalents. 


save 
than 


For the not-infrequent occasions when 
a two-pole relay is found to be needed 
on an already-laid-out panel. a special 
relay has been designed with two poles 
mounted on either side of the magnet. 
which occupies less than 3 in. of vertical 
height. 
for the block 
structure because of its strength and are 
resistance. It 


Melamine was chosen 


to find a 
material for the contact carriers which 
would give long life and not wear in 
contact with melamine. Many materials 
were tried, and nylon proved best. 


Was necessary 


Relatively large silver contacts are 
used, with high spring pressure. Nor- 
mal contact rating is 10 amp. open or 





Fig. 2—Space on either side of magnet 


is utilized to make an 8-pole relay model 
no wider than 6-pole model and no higher 
than models with two to six poles. 


closed. closed 


Normally contacts are 
held closed by spring pressure, inde- 
pendent of magnet weight. The magnet 
is the vertical-lift clapper type, with pull 
characteristics that minimize core im- 
pact. The various moving parts are not 
connected in a solid mass, so that the 
unit is relatively unaffected by the vibra- 
tion that occurs on many types of heavy 
equipment. The design provides moving 
contact carriers of light resilient nylon. 
and these members are not connected 
rigidly to the magnet. OOO 


Automatic Instrument Records Life Test Data 


MALVIN L. SHAR 
SIGNAL Corps ENGINEERING LABORATORIES 


Fort Monmouth, N. J. 


AN AUTOMATIC RECORDING life test set 
for electron tubes was developed to pro- 
vide a continuous record of tube charac- 
teristics throughout the time of life test. 
In addition, the unit monitors supply 
and signal voltages applied to the tubes 
so that operating conditions can be cor- 
related with characteristics. 
The test set was designed so that sev- 
eral tube types may be tested without 
extensive modification of the equipment. 


measured 


It has provisions for recording data on 
enough samples to provide sufficient 
statistical data for most purposes. 

In conventional life testing systems 
data are obtained by 
from the test 


removing tubes 
racks at 
regular intervals and measuring their 
characteristics. This often 


more or less 
leaves con- 
siderable gaps in the desired informa- 
tion. With this procedure tubes some- 
times failure between 
measurements and the time of 
is unknown. 


deteriorate to 
Furthermore, tubes are 
sometimes damaged or conditioned by 
from the test 


removal circuit and by 


handling during the periodic checking. 


READER INQUIRY SERVICE CARDS, PRECEDING 


failure 


Tube under test 






D-c bias 
voltage 
© 


Pa 3 *~ . Re 


Signal Grid bias Ey 
voltage channel channel 
channel 

Fig. | 


The resulting curves of characteristic 
during life are unavoidably 
spotty and far from smooth consistent 
curves that might be expected. 

In the 
values of applied voltage and pertinent 
tube 


change 


automatic recording system 
charted 
tinuously. The basic circuitry is shown 
in Fig. 1. 


characteristics are con- 
Regulated d-« voltages ot 
known value are applied to the fila- 
ment, anode and grids of the tube. An 
a-c voltage of known value is applied 
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channel 
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R Plate current 
9 channel 
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— channel 


Life test circuit for Class A operation. 


as a signal to the control grid. These 
voltages are also applied to the input 
of a multi-channel recording poten- 
tiometer and their values recorded on 
a strip chart. Along with this the a-c 
component of the anode voltage is recti- 
fied and also applied to the recording 
unit. Under the conditions of the test. 
the recorded value is a measure of the 
approximate tube transconductance. 

is defined as the 
incremental change in plate current for 


Transconductance 


—- 
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Tube under test 


Grid current 
channel 


Fig. 2 


an incremental change in control grid 
voltage, or g,, = Al,/AE,. With an a-c 
signal voltage applied to the control 
grid, this equation reduces to g,, 
I,(a-c) /E,(a-c). If E, has a unit value 
(1.0 volt rms), g,, in micromhos is 
numerically equal to J, in amp x 10° or 
ma x 1000. 

The most accurate method of meas- 
uring the transconductance is to use an 
a-c millivoltmeter across a plate load 
resistor of 10 to 100 ohms. However, 
because it is desired to measure d-c 
values as well, an audio choke of low 
d-c resistance, a blocking capacitor and 
a resistor are used in the plate circuit. 
The a-c voltage across the resistor is 
rectified in a full-wave bridge circuit 
and the d-c output fed to the recording 
potentiometer. This circuit, while not 
measuring the true transconductance of 
the tube under test, gives a close ap- 
proximation. It is adequate to serve as 
a dynamic figure of merit of transcon- 
ductance to compare the performance 
of tubes under test. 

For many tube types, the a-c peak 
output current is a more accurate repre- 
sentation of tube quality than transcon- 
ductance. This is particularly true of 
tubes used in pulsing circuits and some 
power amplifiers. In general, where the 
grid is driven hard and the plate cur- 
rent varies from cut-off to almost satura- 


Polyester-Glass Part Cuts Motor Cost 


Use OF POLYESTER-GLASS LAMINATE has 
cut the direct material cost of cutout 
switch mounting plates by 25 per cent at 
The Century Electric Co., St. Louis. 
These plates are used in small single- 
phase induction motors. Plate thickness 
has been reduced to “2 in. compared to 
the 14 in. needed previously with a 
canvas-phenolic laminate. It was also 
possible to switch from hot punching 
to a simplified cold punching proce- 
dure owing to the and 
rigidity of the sheet. 


toughness 
polyester-glass 
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Plate current 
channel! 


Life test circuit for monitoring peak output voltage 
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Fig. 3—Automatic recording life test set. 


tion values, the peak output current and 
grid current provide an accurate gage 
of tube quality in those circuits. Fig. 2 
illustrates the circuit used for measur- 
ing peak output current. The voltage 
drop across plate load resistor Ri is 
applied to a diode peak rectifier circuit 
using two 1N70 crystals in series. The 
d-c voltage drop across a 1000-ohm 
precision resistor Rg is fed to the re- 
corder channel measuring peak output 
voltage (full scale, 100 volts peak). 
Where Ri is equal to 1000 ohms the 
indication is also peak output current 
in milliamperes. 

The test set has four life test chassis. 
each with two barrier type tube sockets. 
permitting anv type of octal-hase tube 


Izod impact strength of this material is 
15.0 ft-lb/in. notch compared to ap 
proximately 5.0 for the standard CE 
phenolic sheet. 

The mounting plate, used inter- 
changeably in the various size motors 
in the single-phase group, requires a 
number of terminal connections and 
variations. There are 15 
of which are 0.1285 in. 
diam), that call for intricate punching. 
with some of the holes located 
close to the edge of the part 


mounting 
holes. (seven 

very 
(0.108 


tu be tested regardless of electrode con- 
nections. Adaptors are used for sub- 
miniature types. The test chassis con- 
tains the two basic circuits of Fig. 1 
and 2. 

The set is contained in a 6-ft rack as 
shown in Fig. 3. The 20-channel Leeds 
and Northrup 100-mv recorder is lo- 
cated at the upper right. 

Acknowledgment is made by the 
author to Mr. L. E. Scharmann, Signal 
Corps Engineering Laboratories, for 
helpful discussion of design problems 
involved in the course of the project. 
and to Messrs. H. W. Dann, O. R. 
Harper, and I. L. Chase, also of SCEL, 
for construction of the equipment. 
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Cutout switch mounting plate in this Cen- 
tury motor uses polyester-glass laminate 
(Glastie MM) to provide a cost reduction 
of 25 per cent. 
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different Test Samples of , 


high-dielectric 


INSULATING 


TUBING and SLEEVING 


INCLUDES SAMPLES AND DESCRIPTIONS OF 
THE FOLLOWING... 


VARGLAS SILICONE Class H insulating materials were 


pioneered by our Laboratory. Retain flexibility, electrical 
properties and mechanical strength in temperatures ranging 


Send for this zee SAMPLE FOLDER... 


VARFLO TUBING AND SLEEVING Vinyl-coated Fiberglas in 


full range of sizes, colors and grades. Extremely flexible 
with excellent heat aging qualities. Low priced. 


VARFLEX COTTON TUBING AND SLEEVING Varnish or lac- 
quer impregnated — for applications where MIL-I-3190 








sub- from —85°F. to 500°F. Available in tubing, sleeving, lead Class A materials are specified. All NEMA grades. 

_con- wire, tying cord. 

-* PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglass SYNTHOLVAR EXTRUDED TUBING Made in various stand- 
kk ns braid coated with General Electric’s Permafil resin. Ex- ard formulations of vinyl polymers. Has high dielectric and 
eds | tremely tough, resistant to solvents and elevated tempera- tensile strength—will not support combustion nor absorb 
sk o tures, highly flexible. Can be bent or twisted with little or moisture. Type EG Approved under MIL-I-631A. Several 

no loss of dielectric strength. Coils and standard 36” lengths. others to meet special requirements. 

_ the VARGLAS SLEEVING AND TUBING Numerous types and 
ignal grades—including synthetic-treated, varnished, lacquered, 
— saturated, litewall and others. 

ject. VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized NEW! VARGLAS SILICONE RUBBER SLEEVING AND 
i; ae to remove all organic impurities. It will withstand tempera- TUBING—the culmination of 5 years of research—for 
CEL, tures up to 1200°F. Recommended where dielectric prop- applications requiring extraordinary flexibility. De- 
t. erties are not paramount. Three types available. tails on request. 
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MAIL COUPON TODAY FOR SAMPLES! 


VARFLEX CORPORATION, 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 


lam particularly interested in insulation for: 


NAME. . 





COMPANY. 


STREET... 


Cen- | 
inate 


, MN oe vet esc tcha tara’ alalevote ia he aie) dr. asinine ZONE...... PRIS ao leeecare aioe 
‘tion 





RING READER INQUIRY SERVICE CARDS. PRECEDING BACK COVER 


_ 
~) 
~] 








DESIGN TRENDS 


TE A on RR ART NRT 


in. and 0.087 in. from edge of hole to 
edge of plate). Hot punching 
originally required to avoid cracks and 


Was 


hole break-out at troublesome sections. 


Considerable care was needed to in- 


sure against improper preheating so 


as to minimize high scrap costs. Cold 
punching of the polyester-glass sheet 





at room temperature is said to eliminate 
these difhiculties. 

Polyester-glass material was supplied 
by The  Glastic 


MM. 


Corp.. Cleveland. 
Grade: OC 


Precision Temperature Control Sans Costly Components 


To AID IN THE DESIGN of constant-tem- 
perature baths and ovens, engineers of 
Fenwal, Inc., of Ashland, Mass., offer 
the following tips. Although for clarity 
such simple temperature 
baths and ovens are discussed, the ef- 
fects of thermal lag, heat distribution 
and cycling frequency described apply 
to any heated system. 


systems as 


Quality components do not, of them- 
selves, guarantee temperature 
control. The location of a thermostat in 
relation to the heat source has a 
marked effect on the control accuracy 
obtainable in a heated system. For ex- 
ample, assume a rectangular constant- 
temperature water bath to be held at 
180 F. Fig. 1A illustrates the arrange- 
ment that will probably give the poor- 
est control. The thermostat is relatively 
remote from the single heater, and tem- 
perature changes in the bath reach the 
thermostat by the relatively slowly mov- 
ing convection currents. As a result, the 
bath has an inherent time lag. By the 
time the temperature at the thermostat 
reaches 180 F during a heating cycle. 
the temperature of the water around 
the heater may be as high as 200 F. 
This excess heat, already in the system 
before the thermostat can react. will 
temperature overshoot of at 
least several degrees after each heating 
cycle. Similarly, when the bath is cool- 
ing. convection carries the cool water 
to the bottom of the tank. so that the 
thermostat in the 
will not 


close 


cause a 


upper warmer zone 
until the tank has 
cooled too much. Consequently the 
bath temperature will vary within 
broad limits from the set-point of the 
thermostat. 


respond 


Fig. 1B illustrates a better arrange- 
ment. Instead of a single concentrated 
heat source. the use of multiple heaters 
of equivalent wattage (or one that 
makes several loops through the tank) 
will distribute the heat much more uni- 
formly. The addition of a mechanical 
agitator breaks up local hot spots and 
keeps the temperature much more uni- 
form. 

Note that the thermostat is placed a 
this 
sense the 


few inches above the heaters. In 
the thermostat can 
around the 
with minimum time lag. 


location 
heat 
and shuts off 
the heaters before too much heat is put 


temperature source 


into the tank. Because it can now re- 
quickly. the 
will cause the heaters to cycle more 


spond more thermostat 
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; UNIT 
SINGLE 
HEATER 
Fig. 1—Water bath temperature 


poor characteristics. System at 


THERMOSWITCH 


THERMOSWITCH 
UNIT 





: DISTRIBUTED 
HEATERS 


control 


(B) is 


having 
better because 


system (A) 
much 


of distributed heaters, thermostat close to heater, and _ stirrer. 


frequently, supplying a series of short 
pulses of heat. Fenwal states that the 
short pulses and corresponding short 
cooling intervals assur® fast response. 
fast recovery and hence closer control 
than can be obtained with the lagging 
system shown in Fig. 1A. 


The same principles apply to ovens 


and incubators. Multiple heaters give 
more uniform heat distribution. The 
thermostat directly above the heat 
source provides a short, direct heat 
path with correspondingly small time 


lag in heat travel. The result is faster 
response, more frequent cycling and 
closer control. Before checking the op- 
eration of the controller, the baffles and 
trays normally used should be installed 
in their proper positions. 

\ review of a constant-temperature 


Bunnell 


oven designed by J. H. and 






Co.. Brooklyn. N.Y.. illustrates the 
‘ 
« 
iu Che 
Lt NGA Merete cee) My Ail 
Bia iia 
Fig. 2 


practical application of these princi- 
ples. The oven, shown in Fig. 2, is used 
in a Signal Corps low-frequency radio 
transmitter. It houses the crystal and 
frequency-determining components of 
the transmitter oscillator. Since capaci- 
and shift their values 
with temperature change. they must be 


tors inductors 


maintained at constant temperature to 
hold the 


proper value. 


operating frequency at its 

The oven, about 7 x 7 x 5 in., is main- 
tained at 158 F within 1 deg by four 
480-ohm mesh heaters controlled by a 
Thermoswitch unit designed by Fenwal. 
This precision thermostat has an in- 
herent sensitivity of 0.1 deg F, but 
care is needed to translate this sensitiv- 
ity into precision control. With the ar- 
rangement used. Bunnell obtains tem- 
perature control well within | deg F of 
the set point. 


CONNECTOR 
PRONGS 


Top view of crystal oven for radio transmitter. Distributed heater and effective 


location of thermostat give temperature control within 1 deg at 158 F. 
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Guardian Series Guardian Series 


A.c. 100 D.c. A.c. 600 D.C. 





Your distributor can supply Series 200 Relays in quantities up to 
100 units. For larger production runs of completely assembled, 
adjusted and tested relays, we recommend the Guardian Series 
100 A.C., Series 105 D.C., Series 600 A.C., or Series 605 D.C., listing 
the same specifications as used to make up your Series 200 pro- 
duction sample. 


The complete GUARDIAN SERIES 200 RELAY parts assortment 
includes 7 Contact Assemblies and 11 Coils all of which are completely 
interchangeable. Contact assemblies vary from SPDT to 4PDT 
standard or midget size with contacts rated at 8 or 1214 amperes. Coils 
range from 6 v. A.C. to 230 v. A.C. and 6 v. D.C. to 110 v., D.C. 
plus a 5000 ohm plate coil. All you do is select the rated coil and contact 
assembly you require, fasten these together with a screwdriver and you 
have a top quality, correctly rated, production sample Guardian 
Relay. Test it. Examine it thoroughly and critically. Then order your 
production quantities. Ask your local electronic parts distributor about 
other Guardian industrial type relays, steppers, solenoids and ratchet 
relays, or write direct for further details. 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


blies and 


Wl Avrchangeable coiis 


enable you to build a sample 


GUARDIAN 
SERIES 2 0 0 RELAY 


Purposes 


Available 
at your local 
electronic 


parts 


tributor 





RC-100 RATCHET RELAY 


See Your Local Parts Distributor for RELAYS, SOLENOIDS, STEPPERS and RATCHET RELAYS 


GUARDIAN \G)/ ELECTRIC 


i€27-K W. WALNUT STREET CHICAGO 12, ILLINOIS 
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To minimize heat loss and thus keep 
the internal temperature very nearly 
constant, the oven is lined with 1%-in. 
thick insulation sprayed with a char- 
proof coating. Two of the four mesh 
heaters are mounted on opposite walls 
of the oven. The third is on the bottom. 
and the fourth is on the detachable 
cover. The fourth heater is in series 
with the power supply so that the 
heaters are automatically turned off 
when the cover is removed. The leads 
to this heater consist of a pair of prongs 
which plug. into sockets in the oven. 
The circuit diagram is shown in Fig. 3. 

The placement of the heaters and 
thermostat illustrates three of the major 
requirements for a well designed ther- 
mal system. Placing the heaters on the 
top. bottom and two opposite sides of 
the oven provides heat input from four 
directions, rather than from a single 
source, This reduces temperature gra- 
dients to a minimum and eliminates 
uneven heating. 

The thermoswitch unit is mounted 
about 1% in. above one of the heaters. 
The resulting short heat path enables 


Magnesium Die Casting Reduces Cost 


REDESIGNING FROM A SAND TO A DIE 
CASTING has resulted in a cost saving 
of 54 per cent for the magnesium 
housing of an aircraft inverter, Fig. 1, 
manufactured by Jack & Heintz Inc., 
Cleveland. Die casting was specified 
because it permits intricate coring, 
close tolerances and a considerable re- 





COVER AND 






Vet =” 
| THERMOSWITCH 
| UNIT (IS8F) 
: 27 
480N 
HEATER 
{ 
OVEN 
PILOT LAMP 
2V, 0.064 


the thermostat to respond very quickly 
to the heater. Since the outer shell of 
the thermostat. rather than the internal 
strut assembly, is the sensing element, 
response to temperature change is very 
fast. Being close to the heat source. 
the thermostat will cycle frequently, a 
basic condition in obtaining a narrow 
system bandwidth and close control. 
The oscillator coils and capacitors 
are enclosed inside a cylindrical metal 
shield. This heat conducting shield pro- 
vides greater temperature stability for 
these components. Thin gage metal is 
used so that the shield can pick up and 
radiate oven heat into the master oscil- 
lator with minimum time lag. The mass 
of a heat exchange medium, such as a 


duction in machining. The housing is 
completely ribbed around its central 
portion to keep weight down and main- 
tain cool operation. Mounting feet are 
integrally cast with the housing. 
Housing is cast from magnesium 
alloy AZ91 (9 per cent Al, 1 per cent 
7n). chosen for its light weight—two- 


Fig. 1—Die-cast magnesium aircraft inverter housing redesigned for lower cost and 
weight and improved cooling. 


180 





Fig. 3—Circuit diagram of 
heater system for crystal oven. 
Thermostat is shunted by a 
spark suppression filter. 


220VACc 


shield, should be kept as low as pos- 
sible to minimize inertia effects which 
impede close control. 

The shape of the master oscillator 
shield is important. Bunnell uses a 
cylindrical housing. The corners of a 
square or rectangular housing are more 
likely to develop stagnant heat pockets 
which have an undesirable insulating 
effect. Actually, a sphere would be the 
ideal shape for the enclosure since it 
has no corners and has more radiation 
surface than any other geometrical form 
of comparable dimensions. A_ cylindri- 
ca! shield was used as a compromise 
since a true sphere presents difficult 
problems in laying out and assembling 
the internal components. O00 


of Inverter 


thirds of aluminum, one-fourth of zine 
or steel—and resistance to fatigue. In 
addition to stationary cores, four sliding 
cores are incorporated into the one- 
cavity die. Die cost was amortized on 
the first 1500 to 1800 pieces. 

The model F137 motor-generator is 
claimed to be the first in its volt- 





Fig. 2—Inverter installed in cargo door 
of C-124 Globemaster. 
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lf you control movement of machines, traffic or materials, it'll pay you to use 


Aq la kp mercury relays 


The new Adlake Mighty Midget relay, like a// Adlake relays, requires 
no maintenance whatever...is quiet and chatterless...free from explo- 
sion hazard. Dust, dirt, moisture and temperature changes can’t affect 
its operation. Mercury-to-mercury contact gives ideal snap action, 
with no burning, pitting or sticking. Write for catalog and information. 


The Adams & Westlake Company 


Established 1857 »« ELKHART, INDIANA «+ New York «+ Chicago 
the original and largest manufacturers of mercury plunger-type relays 
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DESIGN TRENDS 50.000 ft and 20 C. Shown in Fig. 2 (108 amp at full load), the inverter s 


is a typical installation in the cargo — output is 1500 volt-amp (115 volts a-c, 


ampere rating to complete Air Force door of a Douglas C-124 Globemaster. 13 amp) at 400 cps. Overall weight is 
altitude cycling tests for operation at From a rated input of 271% volts d-c 14 lb. “ 


Motor Ventilation Testing 


W. J. ATKINS 
Motor & Control Division 
WESTINGHOUSE ELECTRIC CORPORATION 


As A RESULT OF the reduction of motor 
size and air openings, the ventilating 
systems must be designed to furnish 
sufficient air to dissipate the heat gen- 
erated by the motor losses, in spite of 
restricted openings, limitations on avail- 
able space, and other obstacles. 

The vast majority of induction motors 
are cooled by means of a blower which 
is an integral part of the rotor. This may 
be in the form of rotor vanes and an air 
shield, or a blower mounted on _ the 
motor shaft either inside of the motor 
or externally, as in totally enclosed, 
fan-cooled motors. In all cases the same 
basic problem exists: Getting maximum 
performance from a centrifugal blower 
which is not run in a scroll type of 
housing. Comparatively little is known 
about the behavior of this type blower 
operated without a scroll. This is due 
to the large number of variables, such as 
end-turns, configuration of end brackets, 





inlet openings, bracket bolts, etc. All of Fig. 1—Overall view of testing apparatus. Plenum chamber with motor to be tested 
these can have an effect on performance in right background, orifice holder in center, auxiliary blower and damper in left 
but they make it impossible to calculate foreground. 


blower performance under varying con- 
ditions. Instead, the characteristics for 
a particular blower design must be de- 
termined experimentally. 

In motor ventilation testing, it should 
be possible to test either complete 
motors or the blower alone. A versatile 
and effective testing apparatus can be 
built-up from a plenum or mixing 
chamber, a duct containing a sharp 
edged orifice, and an auxiliary blower. 
Figs. 1 and 2. 

The plenum chamber is an air tight 
plywood cube, 4 ft on an edge, with the 
duct entering on one face and an open- 
ing on the opposite face for placing the 
motor or blower to be tested. The 
plenum chamber allows air entering the s/ 
motor or blower to have a velocity of 














Plenum 
chamber 





Chomber 
pressure —~ 


Motor to 
be rested 










Auxiliary blower 
(eversible-to blow. 
oir in either direction) 


essentially zero. Assume, for example, 
that with a 16-in. diam duct, the test is 
pulling 100 cu ft of air per min. The 
velocity in the duct will be equal to: 


+MY 
Y ’ 
o> 
- 
vS 
+ 
’ 
“Q 
eT 


wr X 1.33- ae > s : ‘ : the = 
. = > i z Ss . é . ‘ * ¢ , rg > t y s y sel- 
V—Q/A or 100 —— or 71 fpm Fig. chematic diagram of the overall ventilating testing set-up. 
4 

Upon entering the chamber this velocity ft from the duct opening to further the auxiliary blower to the plenum 

is now 100/4 X 4 or about 6 fpm. As lower the chamber velocity. chamber. This duct is reasonably air 

an added precaution, a baffle the same In the test set-up. Fig. 1, a 16-in. tight from the auxiliary blower to the 
size as the duct may be inserted about 1 diam duct is used to carry the air from __ orifice, and as air tight as possible from 
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Engineered by Tinnerman... 





SPEED CLIPS* GIVE DESKS 
EXTRA MODEL FLEXIBILITY. ..and save money! 


Here’s the special SPEED CLIP 
.| that enabled the General Fire- 
proofing Company, Youngstown, 
= Ohio, to build maximum flexibility 
S into its new “Generalaire” office 
furniture. A relatively small number of basic units 
can be interchanged to produce 46 different desk 
and table models. General Fireproofing reduces 
manufacturing and shipping costs; dealers have 
fewer parts to stock and handle! 


| 
SX 


en 


This one-piece, spring-steel SPEED CLIP snaps 
easily and quickly into place by hand. It replaces 
a costly five-piece locking bar latch mechanism 


that had to be factory-installed in left- and right- 
hand assemblies. Now, SPEED CLips make it 
possible to ship knockdown locking bars to dealers 
who then build left- and right-hand assemblies 
from basic units to fill customers’ orders. What’s 
more, Generalaire desks are assembled through- 
out with 20 or more SPEED Nut brand fasteners 
which contribute greatly to this flexibility. 


A free Tinnerman Fastening Analysis of your 
products may show similar assembly advantages 
with important production savings. See your 
Tinnerman representative soon and write for 
Fastening Analysis Service Bulletin No. 336. 


TINNERMAN PRODUCTS, INC., Box 6688, Dept. 12, Cleveland 1, Ohio 
Canada: Dominion Fasteners, Ltd., Hamilton, Ontario. Great Britain: Simmonds Aeroces- 
sories, Ltd., Treforest. Wales. France: Aerocessoires Simmonds, S. A., 7 rue Henri Bar- 
busse, Levallois, (Seine). Germany: Hans Sickinger GmbH “MECANO”, Lemgo-i-Lippe. 


TINNERMAN 


FASTEST THING (N FASTENINGS 
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DESIGN TRENDS 


Fig. 3—Clamping system for holding the 
orifices in place. 


the orifice to the plenum chamber. To 
measure a wide variety of volumes, a 
series of sharp edged orifices are used, 
1.4, 2.0, 2.8, 4.0 and 6 in. in diam. 
Constants for these orifices were calcu- 
lated by conventional methods. To be 
able to change orifices easily, and still 
not have any leakage around the orifices. 
a system of gaskets and clamps was de- 
vised to hold the orifice in place, Fig. 3. 

The auxiliary blower is installed in 
the system to make the apparatus more 
versatile. It is an 18-in. diam, axial- 
blade, commercial centrifugal blower. 
and is designed such that it can blow 
air into the plenum chamber or exhaust 
from it. A damper. operated by an elec- 
tric motor through a reduction gear, is 
adjusted to regulate the flow of air 
through the duct. The control switch is 
located at the board where the gages 
are read. 

By changing the direction of air flow 
and varying the position of the damper. 
the pressure inside the plenum chamber 
can be set greater than, equal to, or less 
than atmospheric pressure. The magni- 
tude of the pressure so set is limited 
only by the capacity of the auxiliary 
blower and the ability of the plenum 
chamber to withstand this pressure. 
This system is unique in that the auxil- 
iary blower can be used to evercome the 
inherent losses of the system and 
thereby maintain the plenum chamber 
at atmospheric pressure while still meas- 
uring the volume of air flowing through 
the motor or blower being tested. 

The pressure difference between the 
inside of the chamber and the atmos- 
phere, which is taken to be the static 
pressure in most blower tests, is meas- 
ured with an inclined tube draft gage. 
as is the pressure drop across the orifice. 
For this application, four gages are 
used: two l-in., a 3-in.. and a 5-in. 
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Fig. 4—The plenum chamber with motor set-up at right, operating panel in rear. 


In calibrating the system for leakage 
the chamber exit is blocked and the 
auxiliary blower set to exhaust from 
the chamber. The damper is then 
opened in small, definite steps and 
chamber pressure and volume measure- 
ments made at these points. A curve 
of chamber pressure versus leakage in 
cfm is made for future reference. This 
calibration — is every few 
months. 


repeated 


To check the volume of air flowing 
through a motor, the entire inlet or out- 
let is placed through an opening in the 
plenum chamber and modeling clay is 
used to seal around the motor. The 
pressure inside of the chamber is 
brought to atmospheric by adjusting the 
damper on the auxiliary blower. The 
same conditions exist as if the 
motor were running in the atmosphere. 


now 


To measure the volume of air passing 
through the motor, it is only necessary 
to measure the pressure drop across the 
orifice and calculate the volume of air 
flowing in the duct. At this zero pres- 
sure point. no compensation is necessary 
for leakage. 

Whether the inlet or the outlet of the 
motor is put in the chamber is a matter 
of convenience and depends only on the 
designer’s choice of the end on which he 
wishes to make modifications. 

For checking the characteristics of 
either a blower by itself or a blower 
and housing alone without the motor, 
the blower is set up to simulate the 
operating conditions desired. In these 
tests, the blower was fastened to an a-c 
induction motor cradle dynamometer to 
measure torque input to the blower. 
The blower speed can be checked with a 
tachometer. The damper on the auxil- 
iary blower is then varied to give a 
complete pressure-volume curve of the 
blower from zero volume and maximum 
pressure to zero pressure and maximum 
volume. The values of volume obtained 
are corrected for leakage. 


Efficiency, per cent 


0.2 


Unit volume 








Unit pressure 





0.1 0.2 
Unit volume 
Fig. 5—Sample curves of efficiency and 
unit pressure vs unit volume. 


Kor most purposes it is desirable to 
have the pressure and volume readings 
referred to standard conditions. For 
standard air at 20 C and 29.92 in. of 
Hg we have: 

P.=kP and V,=vVk°V 

Where P, and V, are the values at 
standard conditions and 


x = ( 29.92 ) 273 + Deg 2 
~ Ain. of Hg ( 293 


From the data taken most of the im 
portant characteristics of the 
can be calculated. It is usual to calcu- 
late power input and static efficiency of 
the blower for use in conjunction with 


blower 


the pressure-volume curve. 
Once the characteristic curve is de- 
termined. the characteristics of a blower 
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There are cases where you can’t play it too safe 


In ground-to-air guided missiles, high-powered walkie 
talkies, radar trucks, experimental rockets, atomic subs, 
console control panels — any instrument requiring high 
accuracy and dependability — you'll find Ward Leonard 
Vitrohm resistors. 

You'll also find them in hundreds of commercial and 
industrial applications where the variety, performance, 
and uniformity of Vitrohm resistors have added up to 


increased customer satisfaction, repeat sales and substantial 
savings on repairs and returned merchandise. 

FOR MILITARY APPLICATIONS, the Vitrohm resis- 
tors designed to meet MIL-R-26B specs (characteristics F, 
G and V) are listed in our TECHNICAL INFORMATION 
CIRCULAR #1. 

FOR ELECTRICAL AND ELECTRONIC APPLICA- 
TIONS, our 64-page fact-jammed Catalog #15 gives you 
the complete Vitrohm story. Write Ward Leonard Electric 
Company, 34 South Street, Mount Vernon, N.Y. 
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of similar proportions but different di- 
mensions and speed can be determined 
by conventional ratio calculation. How- 
ever, a simpler method is to plot the 
curve in dimensionless units. 





\ conven- 
ient method for doing this is to plot 
unit pressure P, 


J 


against unit volume 


Vol. of air (cfm) 


Peripheral speed x area 
Static pressure (in. of water) 
P : ade 
Peripheral speed \" 
( 4030 
blower O.D. 


where area 
width. 
From these two equations, it can be 
seen that unit volume is actually the 
ratio between the radial component of 
velocity and peripheral speed. Periph- 
eral speed was chosen because it is the 


a X blade 


most convenient, taking into account 
both speed and diameter. Likewise. unit 
pressure is the ratio of the static pres- 
sure developed to the velocity head 
equivalent to that which could be de- 
veloped by the peripheral velocity. 
Sample curves are shown in Fig. 5. 
Since this is a dimensionless system of 


coordinates, two blowers of 


similar 
proportions but different diameters or 
speeds can be compared with a mini- 
mum of time and effort. 

If unit pressure and unit volume are 
known, static pressure and volume can 
be determined by: 


Vol = V,, X peripheral speed x area 


Vida X d)* X rpm X blade width 


Static pressure 


(“seers speed\~ 
1030 


: (= . oe 
4030 


These tests give an immediate check 


ra 
P 





on the effect of variations in the motor. 
blower, bracket and air shield, on the 
quantity of air handled. Since this 
volume is an indirect measure of cooling 
ability, some direct method of meas- 


uring the cooling efficiency must be 
used. For this purpose a full-load tem- 


perature test is conducted, since it is 
entirely possible that a smaller volume 
of air could do a better job of cooling 
This 
would be the case if a smaller volume 
of air were directed over the portion of 


if it were used more efficiently. 


the motor where most of the heat was 
generated, as compared to a_ large 
volume of air directed over a cooler 
spot. 

Experience has shown that a great 
deal of time and money can be saved 
by conducting these air tests first; using 
clay. cardboard, and masking tape to 
make modifications on the blower or 
motor, and then running the tempera- 
ture tests with more permanent modi- 
fications. 


Adopt Corrugated Box for Packaged Water Pump 


Economies in materials handling, ware- 
housing and shipping have been effected 
by Fairbanks, Morse & Co. by adopting 
corrugated boxes made by Gaylord Con- 
tainer Corp. for packing its household 
water pumps. For the 3-gal tank units 
the motor-driven pumps first are placed 
on a 175-pt solid fibre base before going 
through the paint booth and the pack- 
ing is completed on a roller conveyor 
line as illustrated. 

At the packing station the pumps are 
bolted on to the base. A sheet of spe- 
cially treated paper is then placed over 
the tank top to avoid marring the paint. 
This paper is held in place by a die-cut 
“sunburst” opening which is part of the 
top lid to which a small box containing 
parts is wired. Instruction sheets also 
are enclosed. This tray serves as a top 
brace for the outer shipper. in conjunc- 
tion with the fibre base. Final step is 
to slip the prepackaged pump assembly 
into the shipping container which is 
held in position by a wooden jig. 
Closure is accomplished by stapling. 

The corrugated box for 3-gal tank 
pumps is made of Gaylord’s 350-lb test 
cylinder board and has inside overlap- 
ping flaps plus full overlapping flaps 
top and bottom. Hand holes are pro- 
vided. This style was adopted after 
extensive tests which eliminated some 
earlier suggestions due to 
costs or stacking failures. 

The new box also offers advantages in 
materials handling and warehousing as 
well as permitting the use of advertising 
on the smooth sides. 000 


excessive 
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Corrugated boxes used to ship Fairbanks-Morse household water pumps. (Left) The 
interior tray is fitted over the top of the tank. (Right) The 3-gal tank pump, braced 
at the top by the tray and at the bottom by the solid fiber base, is slipped into 
the outer shipper, held in place by a wooden jig. Closure is accomplished by stapling. 
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screened for designed-in use in electrically operated end product . com- 
plete with all released specifications and available application data. 
MOTOR HAS BUILT-IN AUTOMATIC MECHANICAL BRAKE 
The Cle-Matic Brake Motor uses a ™ : secintai oY 
built-in braking mechanism entirely Driver Ome a... t At 
mechanical in action that does not re- giving / a oF 
quire either mechanical or _ special i a VA | _ = . 
electrical control equipment to actu- ™E ‘NS ee 
ate it. In principle. in the running Fe 4 | } 
position spring pressures are balanced ESN RAW - 
against centrifugal forces. Once the Ke BESS 1 wud 
. . ° ° K ‘ - 
power is interrupted, braking action , “Weight (4) r 
is initiated by a partial slowing down ' | sietthehien ict | 
of the rotor due to windage, bearing 1 BS a rcp ne py { 
. . . SFF } aN ASS ae 
friction, and work done in the con- Sais ANY 
nected load, allowing the springs to woe Ct ita Se Ky 
overcome the centrifugal force. Stop- i SE LL rete” i 
ping time is from 1% to 114 sec. dinken sae ‘a he 
Photo and cross-sectional drawing il- disk THM TINT AY 
lustrate the brake mechanism. In the ' Th me 
braked position shown, wedge-shaped eS Se SLE * eeevert aan 


weights under adjustable spring pres- 
sure force the brake disk against a sta- 
tionary friction face. The wedge-weights 
are backed by coil springs in four 
arms of a driver keyed to the motor 
shaft. The brake disk has two pairs of 
integrally cast pins which straddle two 
of the driver arms, thus permitting 
lateral movement while transmitting 
brake torque. For the usual motor ap- 
plication, spring pressure is adjusted 
so that the braking action will be 
equal to the full-load torque of the mo- 
tor. When the motor is energized, start- 
ing torque is sufficient to overcome the 


braking torque, speed is built up 
quickly, the weights move outward 


under centrifugal force and the brake 
disk is withdrawn from the friction 
disk by pressure from a helical spring. 

Since there is a small portion of 
coasting involved in stopping, the brake 
action is said to be smooth, quiet and 


gentle, putting no undue strain on 
gearing or other drive parts. Brak- 


ing torque is adjusted from outside 
the motor by locking screws in each 
arm. The brake motor can be designed 
KEADER 
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for special applications that require 
acceleration and braking characteristics 
not found in conventional motors. 

At present the Cle-Matic Brake Mo- 
tor is made in NEMA frames 56, 203, 
204, 224 and 225. Sample motors have 
been made in sizes up through frarae 
326. In the fhp frame (56), 2% in. 
is added to the “L” dimension to ac- 
commodate the braking device; and 
384 in. for frames 203 through 225. 

These brake motors are advan- 
tageous in reducing wasted time and 
preventing accidents due to coasting 
between operations and in preventing 
movement of a machine when the power 
is off. In a lathe application, coasting 
was cut from 10 sec to 1% sec. The 
motors are suitable for inching opera- 
tions and for brake action on trolleys, 
as well as for smooth acceleration on 
trolleys, due to the momentary drag 
on the motor plus selected rotor and 
winding design. In inching 
tions, the frequency of stopping is 
limited only by the thermal capacity 


applica- 


BACK COVER 





of the motor under duty cycle condi- 


tions. The Cleveland Electric Motor 
Co., 5213 Chester Ave., Cleveland 3, 
Ohio. 
“ircle No. t Recder Inquiry Service Cards 
preceding back cover 
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THE “SNAPPER” 
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CURTISS-WRIGHT 


now offers 


THERMAL TIME 
DELAY RELAY 


Relied on for positive action 
and long life in scores of ap- 
plications involving time delay 
in electrical circuits, the 
“SNAPPER,” formerly pro- 
duced by Elly Electronics 
Corp., is now a Curtiss-Wright 
product. 

Single pole, double throw 
contact action eliminates chat- 
ter. These unique relays feature 
snap action, double throw, re- 
liability, small size. They are 
adaptable to military and com- 
mercial applications. Time de- 
lay periods: preset from 3 sec- 
onds up. Envelope: metal, 
miniature (7 and 9 pin) or oc- 
tal (8 pin). Glass, 9 pin only. 


High-Low Differential Thermostat 


The “SNAPPER” Thermostat is a 
single pole, double throw snap ac- 
tion temperature sensitive 
switch. Its snap action prin- 
ciple has been extended to 
provide a low differential 
thermostat with precision char- 
acteristics, at low cost. 


Write for detailed data 


ELECTRONICS DIVISION 


HE TH 


CORPORATION += CARLSTADT. W 


PLUG-IN RELAY FOR 
PRINTED-CIRCUIT USE 


Miniature relay for direct plug-in use 
in printed circuits is known as the 
Series SQD Printed Circuit Relay. De- 
sign permits direct insertion of the relay 
terminals into the printed-circuit board, 
ready for soldering. The plug-in ter- 

instead of being brazed or 
welded together in sections, have been 
made integral parts of the coil termi- 


minals, 





nals and contact 


springs to 


prevent 
internal loss in conductivity or con- 
tinuity. The two relay contact arm per- 
mits two spring pile-ups of up to 9 
springs each. 

Relay has been designed for rugged- 
bear- 
ing and bearing pin, as well as for re 


ness, with a special, heavy-duty 


sistance to vibration, humidity and 
temperature extremes. A recess in the 
bearing plate provides sufhicient lubri- 
eant for long-term lubrication of bear- 
ing pin. 

Tests indicate that the SQD is ca- 
pable of more than one hundred million 
adjustment or re 


operations without 


lubrication. Length of relay is 1°4 in.: 
width 1 in.: 


depending on number of contact springs 


height 116. to 1°4 in. 


used. Automatic Electric Sales Corp.. 
1033 West Van Buren St.. Chicago 7. 
il. 


LOW-SPEED SYNCHRONOUS 
INDUCTOR MOTORS 


Synchronous inductor motors, self-start 
ing and reversible without 


available in 20- and 54-frame_ sizes. 


Motors ace elerate to svncehronous speed 





in 1% cycle or less: 


erate external inertia. 


The 54-frame motor, with a torque 
rating of 75 oz-in.. is designed for use 


gears, are 


the permanent mag- 
net rotor stops within 7 deg with mod- 





on motor-operated valves and rheostats. 
industrial process timers, and recording 
devices. Other applications include «p.- 
eration of cams and levers, replacement 
of solenoids, machine-tool traverse feed 
drives, and on military equipment. 

Torque rating of the 20-frame metor 
is 2 oz-in. at 100 rpm. It is designed 
principally for application on higher 
torque timing devices, viscosity measur- 
ing equipment and higher torque time- 
measuring and sequence timers. 

Both 
signs. reversible by a 
Motors start, stop, and 
rapidly and will 
without overheating. 

Designated Type SMY, the 20-frame 
motor is available at 100 rpm in the 60.- 


three-lead de- 
SPDT switch. 
reverse very 
withstand 


motors are of 


stalling 


eyele, 115-volt rating and at correspond- 


ingly reduced speeds on 50 and 25 


eveles. The 54-frame model is available 
at 75 rpm for 60, 50 and 25 eyeles at 


both 115 and 230 volts. General Elec- 
tric Co.. 1 River Rd... Schenectady 5. 
N.Y. 


ROLLER BEARING HAS 
FLEXIBLE HOUSING 


Designed for use on farm and = indus- 
trial materials handling equipment. car- 
tridge housed in a 

Called the 


Flexi-Flange. the bearing has 


roller bearing is 
flexible neoprene housin 
cellent 
load-carrying characteristics. and allows 


for alignment of shafts 


Of steel cage construction, the bear- 
ing consists of a roller assembly. outet 
race. and optional inner race. Roller 
trunions extending through holes in the 
end plates hold the rollers in) position 





~ 


\ series of stay rods separate the end 
plates. correctly spacing them. 

The hardened bearing race is in- 
serted into the steel stamping. providing 
clearance of approximately 0.005-in. be- 
tween the bore of the stamping and the 
outer diameter of the race. Since both 
race and stamping are bonded perma- 
nently together by neoprene, this clear- 
ance allows a misalignment of at least 
| deg between shaft and housing. 

\ typical load passage through the 


bearing is as follows: load is trans- 
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SPECIFY... PYLE-NATIONAL 





QUELARC PLUGS and RECEPTACLES in seventy-two foot plug board 
installed in the General Electric Company's Light Military Electronic 
Plant in Utica, New York. 


PLUGS AND 
RECEPTACLES 


For More Efficient Plant Operation 


DETACHABLE COMPONENTS On any equipment that must 
be disconnected for inspection, repair or replacement, plugs 
and receptacles quickly pay for themselves by saving man 
hours and shortening shut-down periods. Complicated multiple 
conductor connections are instantly and accurately broken and 
remade as polarization is not disturbed. 


PORTABLE EQUIPMENT Located throughout a plant at all 
potential operating points, receptacles for plugging in electrical 
tools and other portable equipment, contribute greatly to the 
flexibility and efficiency of plant operation. 


PLUG-IN BOARDS On power distribution panels and porta- 
ble generators, plugs and receptacles provide a quick efficient 
means of selecting and routing electrical circuits to meet the spe- 
cial and varying requirements of testing and research operations. 


TRIPLOC* 

Interchangeable and Reversible 
Series 250 volts, D.C.; 460 volts, 
A.C.; 2 to 12-poles, 15 and 20 
amperes also multiple unit types 2 
to 48-poles, 60 and 15 ampere 
combination circuits. 


& ™—™ 


MIDGET TRIPLOC 

Interchangeable and Reversible 
Series 2,3 & 4-poles; 10 amperes, 
250 volts; 15 amperes, 125 volts. 





QUELARC* 


Circuit Breaking Series 
250 volts, D.C., 

600 volts, A.C.; 

2, 3 & 4-poles; 

20 to 200 amperes 


STeaAre fine 

for Hazardous Locations — De- 
layed Action Series 115 to 460 
volts; 2 and 3-pole; 15 & 30 
amperes. 


*Trade Mark Reg. U.S. Pat. Off 


Rugged insulation, positive polarization and grounding circuit provisions, meet 
strict safety requirements. Listed by Underwriters’ Laboratories, Inc. Sold na- 
tionally through authorized electrical distributors. Write for descriptive bulletins. 





THE PYLE-NATIONAL COMPANY 


1388 North Kostner Avenue, Chicago 51, Illinois 


Branch Offices and Agents in Principal Cities of the U.S. and Canada * Canadian Agent: The Holden Co., Ltd., Montreal 
Export Department: International Rail Supply Co., 30 Church Street, New York 


NLS 





CONDUIT FITTINGS + LIGHTING FIXTURES «*« FLOODLIGHTS * GYRALITES * MULTI-VENT AIR DISTRIBUTION 
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APOLLO 


pre-finished metals 


mitted from the shaft to the rollers, 
from the rollers to the outer race, and 
finally to the stamping. The neoprene 
housing flexes. adjusting to changes in 
alignment of the shaft. 






Shaft limits for the bearing are % 
to 1%6 in. The ‘s-in. size supports a 


at the 
has a maxi- 


radial load of 415 Ib at 100 rpm; 
same rpm, the 1%¢6-in. size 
mum capacity of 1665 Ib. 
The Flexi-Flange is equipped with 
hardened and unground rollers to run 
directly upon heat-treated shafts. For 
equipment where 
heat-treat a shaft. 
ground sleeve. 


stainless steel 

steel + copper 4 

brass - zinc 
aluminum 


READY FOR 
IMMEDIATE FABRICATION 


Here is the modern 
low-cost short cut to 
greater beauty for 
your product and 
increased economy 


it is impractical to 

a hardened and un- 

held in place by a lock- 

is available. For fairly light 
loads, the bearing can be supplied with 
unhardened and unground rollers, elimi- 
nating the need for heat-treated shafts. 
To take higher speeds, 
vround rollers are available. 
Bearing Co., Inc., 541 
Syrac use 4, N. Y. 

ircle No. 


ing collar, 


hardened and 
Rollway 
Seymour St.. 
for your manufacturing 


5 4, Reader Inquiry Service Cards 
operations. 


preceding back cover 


APOLLO sheets, strips 
and coils.. 





.metallic, 
mechanical or 


; 4 DIFFERENTIAL MAGNETIC 
enameled finishes *% AMPLIFIER 
... can lower your 


Designed to drive d-c 
production costs up to 
50% compared to piece- 
plating and individual 
finishing methods. 4 


APOLLO'S high produc- 
tion facilities are 4 


relays, two-stage, 
60-cps magnetic amplifier features low 
drift. fast response, and high sensitivity. 
Output swings from 7 to 30 volts across 
~ a 2500-ohm load for a differential d-c in 
put signal of 17 microamp. The latter 
signal may be reduced to as low as 3 





geared to cost econ- 

omy ...to provide 

you the widest pos- 

sible variety of finishes 
and surfaces for practically 
unlimited applications. 








APOLLO Pre-Finished 4 
Metals are readily A, > 
fabricated in accord- : 
ance with all sheet 
metal and machine 
shop practices. 





Ask about our A 
“drawing board to finished 


product” service. 
LP 


microamp by use of the provided positive 
feedback connection. Maximum voltage 
obtainable across a 2500-ohm load is 53 
volts; linear range extends to 40 volts. 
The differential control signal is de- 
rived from a signal source and an ex- 
| ternal, variable bias supply to make this 
amplifier suitable for use where control 
about a set point is desired. Low drift 


Request bulletin, 
How to Put the 
Pre-Finishing Touch 
on Greater Profit! 


‘ aes 








characteristic of the amplifier makes 
A F 0 i at i a [ a s 4 s possible d-c instrumentation wherever 
| precise relay operation from a low 


6678 S. OAK PARK AVE. 
CHICAGO 38, ILL. | 


A bias current 
of 10 milliamp max is required. 


power source is required. 
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Ten openings and closings of the relay 
per sec may be had with a signal source 
impedance of 12,500 ohms or more. 

Insensitive to 10 per cent tolerances 
or frequency, the amplifier 
2-watt. 115-volt 60-cps 
power supply. Potted construction and 
plug-in connector are additional fea- 
tures. Dynamics Research Associates, 
114 Times Square Building, Seattle 1, 
Wash. 


Circle No. 


on voltage 


requites a rms, 


5, Reader Inquiry Service Cards 
preceding back cover 


RUGGEDIZED METER-RELAY 


Trip or control on new contact meter- 
relay can be adjusted from the front to 
any point on the scale. High-limit, low- 
limit or double (both high and low) 
contact arrangements = are available. 
Sensitivity ranges are from 0-20 micro- 
amp to 0-50 amp. or 0.5 millivolts to 
0-500 volts. Higher ranges require ex 





ternal shunts or multipliers. Instru- 
ment rectifiers or thermocouples are 
used for a-c or r-f.  Millivoltmeters, 
with temperature dials, have cold junc- 
tion compensation. Contacts can be set 
for operation from full scale down to 
within 1 per cent of the point 
(double contacts to 2 per cent mini- 
mum spacing). 


zero 


Locking-type contacts assure positive 
make. Locking action results from an 
extra winding on the meter element. 
Contacts are separated by spring action 
when the locking coil releases. No 
pusher nor solenoid is required in the 
meter case. 

Contacts, of solid platinum alloy, have 
a life of over 10 million 
Standard contact rating is milli- 
amp, 75-125 volts d-c. (Contact rating 
is determined by turns on the locking 
coil.) 

Meter accuracy is 2 per 
tact repeatability, 1 per 
sionally the meter relay, 
is interchangeable with macniiainl 
214-in. round case meter and fits in 
panels drilled for JAN or MIL meters 
of that size. 

Case is 


operations. 
5-25 


cent. Con 


cent. Dimen- 


Model 


255-0 


sealed and the movement 


internally shock-mounted. Scale 
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YOU CAN COUNT ON CONTINENTAL 
FOR EVERY FASTENER NEED! 
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Only Continental Offers You 
All 14 Types of Tapping Screws! 


Here’s another reason why Continental 
can help cut your fastener costs 


Continental is the only producer making all 
14 types of thread-forming and thread-cutting 
screws. These are part of Continental’s vast 
selection of standard screw styles and sizes 
which number over 1,756,000. 

This gives you the largest choice in the in- 
dustry and, combined with Continental’s top 
position in the production of special fasteners, 
it guarantees faster service and a top-quality 
product. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Continental will back you up with over 50 
years experience, and we are proud of our hard- 
earned slogan— You can always count on 
Continental for every fastener need 





Continental Screw Co. 


Manufacturers of Holtite Fastenings 
NEW BEDFORD, MASSACHUSETTS, U. S$. A. 
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NUS LT 
aS I TOUGH 


PHoto Courtesy THE MarTIN Co 





That’s why 
ALL-ANGL Barry mounts 
are used in 
MARTIN’s MATADOR 


Under the cumulative shock of 
rocket-boosted zero-length take-off, 
jet-fighter flight maneuvering, and 
on-target dive that cracks the sound 
barrier, the nation’s first operational 
pilotless bomber relies on ALL- 
ANGL Barrymount® isolators to pro- 
tect critical electronic control gear. 





Equally effective in every flight at- 
titude, ALL-ANGL mounts permit 
bulkhead mounting that saves vital 
space in this deadly weapon. And 
their proved performance makes 
Barry mounts Martin’s choice for 
the Matador. 


Let us show you how Barry’s new 
ALL-ANGL isolators can lick your 
tough mounting problems. Data sheet 
M-9 gives mechanical and dynamic 
specifications. For specific recom- 
mendations call your nearest Barry 
Sales Representative. 


BARRY 
CONTROLS 


INCORPORATED 


708 PLEASANT ST., WATERTOWN 72, MASS. 


SALES REPRESENTATIVES IN Alt 
ean, PAL CITIES 
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as well as the pointer and arc, are as 
large as on conventional 31-in. models. 
Assembly Products, Inc., 
Ohio. 

rcle No. 6, 


TEFLON-INSULATED 
TERMINAL 


Teflon-insulated terminal. designated the 
X-2168 has high dielectric strength and 
low capacity. When mounted, overall 
height of the assembly is % in. The 
3-48 threaded mounting stud is 14 in. 
in length. Solder terminal is brass with 





copper flushing on which 24-carat gold 
has been applied. Both stud and _ ter- 
attached to the Teflon by a 
special method that makes the terminal 


minal are 


vibration-proof. Cambridge Thermioni« 
Corp.. 145 Concord Ave... 
38. Mass. 


No 7 


Cambridge 


ELECTRIC IMPULSE COUNTER 
HAS PRESELECTION FEATURE 


Capable of up to 12 impulses per see 


Sodeco electrical impulse counters ma 
he preset to any number up to 99999 }y 
depressing the pins near the top ol 


the front plate and simultaneously turn 





ing the wheel at the left. The pins can 
then be sealed to prevent tampering. 
As impulses come in, the upper (pre- 
set) register subtracts and the lowe 
(counting) one adds. If desired, the 
counter will automatically reset to the 


original preselected figure at the end of 


Chesterland. 





each counting cycle. When the counting 
cycle is completed a built-in secondary 
which, lor 
instance. can operate a batch counter, 


contact can be actuated 

Designated the Ti Series, the counters 
are available with either manual push- 
button reset or electrical reset. They 
are furnished either with a front plate 
for flush 


mounting. The counters are completely 


mounting, or for surface 


housed and sealed. Power requirements 

are 0.8 to 3 watts. Landis & Gyr. Ine.. 

15 West 45th St.. New York 36, N. Y. 
No. 8, Reader f rv 


OIL-TIGHT INDICATOR 
LIGHTS FOR HEAVY-DUTY 
APPLICATIONS 


Features of Dialco oil-tight pilot lights 
for severe industrial include 
special provision for retained oil-resist- 


service, 


glass lenses in several 


ant gaskets: 


shapes with omnidirectional — light 


spread: and disks (with words, letters, 


or numbers) inserted behind flat: glass 





deliver 


lenses to specific messages, 


Wide range of incandescent lamps. with 


screw or bavonet base. as well as sev- 
eral neon tvpes are accommodated. 
lounting: either 144 or | in. clearane: 


hole. Kull ranve oft i 
available. Dialight Corp... 12-00 Stewart 
Ave 2 Ir ok iva ri. 4 ee 


Nx 


lense colors 


AIR CYLINDERS 


Keaturing a square end, new air cylin- 
ders are available in 11 bore sizes from 
I! in. through 14 in. and with 21 types 
Designed to JIC stand- 
ards. they feature brass tubes to elimi- 


of mountings. 





nate corrosion, removable bronze car- 
tridge containing wiper and_— rod 
packing, and cold-rolled-steel end-plates. 
The chrome-plated rod has four wrench 
flats and is available in optional sizes. 
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NOW—ONE TAPE does the work of two. Permacel 2 in 1 Elec- THEY STICK AT A TOUCH—and baking or high operating 
trical Tapes are heat-curing for baking and _ self-sticking for temperatures will strengthen rather than soften the adhesive. In 
holding and insulating in a wide variety of electrical equipment. Permacel’s line, there is a 2 in 1 electrical tape for every job. 








Witt 
ited 
iti 
irt 
V tin 
Irom | 
types : 
and- — { : 
sy SIMPLIFIED INVENTORY —since one tape | FEWER REJECTIONS—impossible to use GREATER SAFETY—assured protection 
? Hi- 
does two jobs. fewer varieties are needed. a non heat-curing tape for heat-curing. against unexpected temperature rises 
4 1) StiPr.-S rte wrn | 
car- e RM A C E A é 
rod Many jobs can be done faster, better, easier with self-sticking tape... write Permacel Tape Corporation, New Brunswick, N. J. 
plates. 
rench | Gohwsonalofuwon comeany 
sizes. ej L 
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Barber-Colman Company 


PELs 


mT 





of new COMPTOMETER 


dictation machines 


I) Cmall Motors 


power the drive mechanism 






The new Comptometer Dictation-Transcription Machine, pro- 
duced by Felt & Tarrant Manufacturing Company, features a 
magnetic recording belt that can be used again and again by 
magnetically erasing messages and dictating new ones. Sim- 
plicity of operation and finger-tip control are among several 
other advancements noted in this new dictating machine. 


To power the Comptometer’s driving mechanism the Barber- 
Colman type KYAB unidirectional, continuous duty, shaded- 
pole motor was selected. With its high starting torque and low 
inertia rotor, this highly dependable motor provides the sure 
starting and rapid response always demanded of dictating 
machines. 


If you, too, have a design project involving small motors, let 
Barber-Colman engineers help you solve it with the exact 
motor for the job. 


FREE DATA SHEETS ON WIDE LINE OF SMALL MOTORS 


The Barber-Colman line includes unidirectional, synchronous, 
and reversible motors—up to 1/20 hp. With and withour re- 
duction gearing—open or enclosed types. Expert engineering 
service available. Write today, tell us your problems, ask for 
free data sheets. 


DEPT. U, 


1203 ROCK STREET, ROCKFORD, ILLINOIS 


Small Motors - Automatic Controls -industrial Instruments - Aircraft Controls - Air Distribution Products 
Overdoors and Operators - Molded Products - Metal Cutting Tools -Machine Tools - Textile Machinery 
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Pistons and tie rods are secured with 
locknuts. On cushioned models, cush.- 
ions float on an O-ring for accurate 
self-alignment. Cylinders can be sup- 
plied with either single or double rod 
ends. The S-P Manufacturing Corp.. 
12415 Euclid Ave.. Cleveland 6, Ohio 


Circle No. 10, Reader Inquiry Service Cards 
preceding back cover 


TRANSISTOR TRANSFORMER 


Redesigned miniature interstage tran- 
sistor transformer is only % in. x 
3. in.x 3 in. Industrial uses include 
control circuits, audio amplifiers, hear- 
ing aids, and other transistorized cir- 
cuitry. The 8901 transistor interstage 
model is presently available; output and 





input models are available on order. 
Impedance of the interstage primary is 
20,000 ohms; of the secondary, 1000 
ohms. Frequency response is + 3 db 
from 150 to 15,000 cps with 0.25 milli- 
amp d-c in the primary. Transformer 
will handle’ up to 0.5 milliwatt. Telex. 
Inc., E-A Div., Telex Park, St. Paul }. 
Minn. 


! 


No. 11, Reader Inquiry ‘ 
re edir y ' 


SMALL CAPACITOR FOR 
—70 to 200 C RANGE 


Developed by Wright Field, manufac 
turer's Type HT-4 capacitor has been 
run continuously for 17,000 hr at 200 
C and 140 per cent of rated voltage 
| without deterioration. Average change 
in capacitance is less than 2 per cent 





gies - BALCO wre fpepacnemmmpeeaneetimnene 


after repeated cycling from room temp- 
erature down to —70 C, up to 200 C 
and back to room temperature. 

Insulating resistances as high as 10'' 
ohms are available. Special processing 
of the dielectric results in low relaxa- 
tion time and minimum dielectric ab- 
sorption. Hermetic seal plus rugged 
construction provide protection against 
severe shock and vibration. 

Power factor is less than 0.05 per 
cent from 0 to vhf band (Q of 2006). 
Standard ratings range from 0.0001 to 
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G. S. Gives SEEBURG 


Consistently Better Small Gearing 


SEEBURG Automatic Musical Instruments have gained an enviable repu- 
tation for high fidelity and dependability. Listeners marvel at their 
crisp, clear, impressive tone. Owners like the almost uncanny ability of 
a SEEBURG to perform without interruption day in and day out for 
YEARS! G.S. Small Gearing has long made important contributions 
to the remarkable performance record of fine SEEBURG automatic 
mechanisms. % If top quality Small Gearing from 8 to 96 dp is an 
important consideration in YOUR business, specify G.S.! Get Gearing 
that consistently speeds production, cuts costs, and meets the most 
exacting specifications. 


SII Ly our 6-page Gearing Guide. It describes 80 
¢* types and applications. Contains useful charts 


. .a valuable aid to anyone interested in Small Gearing. Use company 
letterhead, please. No obligation, of course. 
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d-c 
motors 


compact, powerful 


BARBER 


RE 





high quality for a wide 
range of applications 






PERMANENT 
MAGNET 

BARBER-COLMAN 

MOTOR 








ee 
SPLIT-SERIES 


BARBER-COLMAN 
MOTOR 


MOTOR WITH 
GEARHEAD 


MOTOR WITH - j 
TOROIDAL FUTER ‘69 


MOTOR WITH CENTRIFUGAL BLOWER 


Looking for a d-c fractional hp motor 
of unusually high quality, high depend- 
ability? Specify Barber-Colman, the ver- 
satile line of small motors in both per- 
manent magnet and split series types... 
in various mountings and speeds, and 
outputs up to 1/10 hp. Ideally suited to 
power electro-mechanical actuators, gen- 
erators, switches, blowers and program- 
ing devices. Barber-Colman small d-c 
motors are also available with lightweight 
radio noise filters to meet radio interfer- 
ence requirements of USAF. They are 
ideally suited for use as tachometer gen- 
erators. Whatever your problem involvy- 
ing small motors, consult Barber-Colman 
Company for an expert solution. 


Write for free catalog F, 4344-1 


BARBER-COLMAN COMPANY 
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Dept. U, 1403 Rock Street, Rockford, Illinois 


1.0 mf. Conservatively rated at standard 
working voltages of 200, 400. 600 and 
1000 volts d-e or a-c peak voltage, unit 
will withstand overload of twice rated 
voltage for a period of 1 min. Standard 
tolerance is +10 per cent. Units are 
available with tolerance of #5, #3, £1, 
“0.25 per cent. Balco Research Lab- 
oratories, 49 Edison Place. Newark 2. 
Ms Bs 
No. 12, 


DIRECT-COUPLED AMPLIFIER 


Direct-coupled amplifier for driving 
galvanometer oscillograph elements and 
other low impedance loads. designated 


the Model CA-401 Current 
features full-scale output of 


\mplifier. 
10 milli- 





amp into a 35-ohm load with + 600- 
millivolt input; output impedance loads 
from 0 to 1,000 ohms: and a flat fre- 
quency response trom 0 to 50,000 cps. 
Linearity is within | per cent. Photo- 
con Research Products. 421 North Foot- 
hill Blvd., Pasadena. Calif. 
No. 13, Reader 


POLYSTYRENE CAPACITORS 
OFFER HIGH STABILITY 


High-stability capacitors using poly- 
styrene dielectric include 200-, 400- and 
600-volt units in bathtub and rectangu- 
lar metal cases with capacities ranging 
from 0.05 to 25 mf. Designated Series 
ST, they can be obtained in tolerances 





of +5, 2, 1, 0.5 and 0.1 per cent. Tem- 
perature operating range is —80 to 75 
C with no voltage derating to 75 C. 
Temperature coefficient is —100 parts 
per million per degree centrigrade. 
Insulation resistance with a 2-min 
charge at 25 C is 1 x 10° megohms per 










straight 
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crucial 
point 









with Edison ~* 
Resistance 

Temperature 
Detectors 












EDISON Resistance 
Temperature Detec- 
tors probe hard-to- 
reach temperature haz- 
ard points — provide 
accurate temperature read- 

ings. Costly downtime and 
expensive maintenance drop 
when these sensitive elements 
are installed in bearings, oil 
lines, heating ducts and other 
trouble areas. A complete line of 
tip-sensitive and stem-sensitive 
models designed in the world- 
famous Epison Laboratory 
meets the needs of specific 
applications. 

















Outstanding features: 


P maximum accuracy — all stem-sensitive de- 
tectors are inspected to a resistance 
tolerance of +0.5%; tip-sensitive to 
+1.0%. 


> rapid response—all stem-sensitive detectors 
will respond within 2 seconds when im- 
mersed in an agitated water bath; tip- 
sensitive within 5 seconds. 


> no_ measurable drift — hermetically sealed 
detectors show less than 0.05% resistance 
calibration error over a five-year period. 


P insensitive to voltage variations — due to 
design for use in bridge circuits. 


P low installation & maintenance cost— absence 
of moving parts and hermetic sealing 
mean ease of maintenance and reduced 
cost of installation. 


Write to EpISON today tor 
further details on these 
superior temperature detectors. 


Phas OE 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 





Thomas A.Edison 


INCORPORATED 


INSTRUMENT DIVISION 
53 LAKESIDE AVENUB 
WEST ORANGE, NEW JERSEY 


SEPTEMBER 1955 ELECTRPCAI 





MANUFACTURING 
















B-H Vinyli-Sil 8000 


Fiberglas Sleeving 
| A “BAKER'S DOZEN" IN ELECTRICAL INSULATION 


BH Vinyl-Sil 8000 7s new, but behind it is 30 years’ 





experience in the development and manufacture of 





| high-dependability, clectrical sleevings that set new 
standards of insulation performance. BH Vinyl-Sil 
| 8000 Fiberglas Sleeving for instance, offers 8,000 volts 


minimum short-time diclectric breakdown . . . 3,000 
volts beyond the NEMA and ASTM requirements for 
Grade B-A-1. 


That's one big advantage of designing with this new 


sleeving that combines stabilized organic resins with 








those of the silicone group. Here are others . . . high 
resistance to heat-aging, flow, oils and chemicals, abra- 
sion and cut-thru . . . -50°F. low temperature flex- 
e de- ibility and xo capillary attraction to water. 5 
ance 
€ to BH quality is no accident. Laboratory and field checks 
= | are used as a constant control measure. There’s a con- 
Cc 
1 im- | tinuing search for new and better materials aimed 
tip- ; . : , : 
P toward product improv ement without increase in cost. 
ealed The result maximum protection for your products. 
tance : a 
riod. | Data sheets and samples of BH Vinyl-Sil 8000 and 
ne to others in the dependable BH family of tubings and 
sleevings for electrical insulation — are yours for the 
—— asking. Tell us your insulation problem and we'll send 
aling 
juced test samples to answer your need ——insulation-wise 
and cost-wise. 
BENTLEY, HARRIS MANUFACTURING Co. 
1209 BARCLAY STREET 
j CONSHOHOCKEN, PENNSYLVANIA 
Telephone: Conshohocken 6-0634 
=MENTS 
i Py 
US 
¥ 
BENTLEY, HARRIS / / 
j of yf 
on ATUGE 
a 
Se 
*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, 
Harris process (U.S. Pat. Nos. 2393530; 2647296 and 2647288). 
Fiberglas’”” is Reg. TM of Owens-Corning Fiberglas Corp. 
URING 
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You can speed-up ~. 


your machine-tool My 
operation \ 


when this button \ 


\ 
operates a LOUIS ALLIS | 
Adjustable Speed Drive | 

‘ 


or Special Motor 
ae 






- = 
Bie 
7 a ee ee oe 


eM ea h Tl Me]. Mme ecel me Le 
the operator’s fingertips, %4 to 
ea ee Om teh melee aa hea 
ORCC Ske ltt meee 2.2 ° 

BE Tel atimeet lho mele bee a ie) Get the precision drive 
precise speed regulation. Optiona! ° e 

features available include dynamic your machine tool requires | 
braking, torque control, inching, 


jogging, multimotor operation and from the complete Louis Allis Line 


ei 4 ae te 
New precision machine tools call for precision 
drives. That’s where Louis Allis fits into 


your picture. Louis Allis has the exact unit you 
M40 Mm Maat Thi ‘ 7 

vole cbs Bap 5 need because it has the most complete line of 
CA aM | eae mee sie DaLely) ° ° ° 

era reaerry Ryn ne tr ty} motors and drives available to industry. 

Or mete mmr ements P e - . 

reversing, dynamic braking, jog- And if one of Louis Allis’s wide range of 

ging, special programming or se- : : 
quencing, extra wide speed range. stock motors doesn’t exactly fit your job’s 
Electronic and Static Select-A- 


SS requirements, you can get prompt delivery on a | 
smaller horsepower ranges. Speed 


AE Lee Merde MMe) tC) i i Si } 
capi gerpiodagtidin: 5:7 unit specially designed to give you the 


electrical or mechanical characteristics you need. 
Call your nearby Louis Allis Sales Engineer for 


REET Lc ee motor application assistance on your problem. 
or take a unit that ‘‘almost’ ‘does 
your job when you choose Louis 
Allis. On short notice you can get 
a unit exactly engineered and de- 
Pema 1) a SSL eh 
ye ae Mere aCe ee a) 
ewe UP e Me eL@e yl tar Lira 2 
uP on ee On eS Men ol a 
starting torque, high slip, multi- 
speed operation, and rapid revers- 
Ty aes ee eT) 
Tire CC Mole Sek MMT LE 11 OL 
frequency operation, and special- 
duty cycles. For these or any other 
lar eet eee eT 
Ree MLM oe CLL Le 


EEEtercese THE LOUIS ALLIS CO. 


r - MILWAUKEE 7, WISCONSIN 


See our exhibit, 
Production Engineering Show, 


Sept. 6 to 16, Navy Pier, Chicago, 
Booth No. 119-120. 





Rolled-shell, Shaftless Motor 





N SIN 


mf; at 75 C, 5 x 10' megohms per mf. 
Power factor at 1000 cycles at 25 C is 
0.01-0.05 per cent. Dielectric absorp- 
tion is 0.01 per cent max. Retrace is 
approximately 0.1 per cent. Q at 1000 
cycles at 25 C is 10,000. Corson Elec- 


tric Manufacturing Corp.. 540—39th 
St., Union City, N.J. 
e Cards 
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SPECIAL INTERMITTENT-DUTY 
BRAKEMOTOR 


Such applications as the raising and 
positioning of a heavy cutting blade, or 
the positioning of work on a lathe, are 
typical uses of a special brake-motor. 
Other applications exist wherever short 
span power (5-min-on-and-5-min-off) is 
needed to do the work of manual 
cranking and hoisting. 

Dimensions of the nonventilated unit 
are 85% in. OD x 75% in. overall length. 
Starting torques are up to 500 per cent 








of running torque. The brake features | 
manufacture’s “doughnut” design and 
permits the extension of the shaft for | 
a dual power takeoff. 

The “wafer” brakemotors are poly- | 
phase, totally enclosed, non-ventilated. | 
Flange-mounted in any position. Motors 
are available in ratings of 4% through 
1% hp; brakes from 1.2 ft-lb through 
25 ft-lb, for 1 min through 10 min inter- 
mittent duty. Rueland Electric Com- 
pany, Alhambra, Calif. 


Circle No. 15, Reader Inquiry Service 
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HIGH-TENSILE-STRENGTH 
ALUMINUM ALLOY 
CONDUCTOR 


Conductivity approaching that of EC | 
grade aluminum with a 71 per cent in- | 
crease in tensile strength characterize a 

magnesium silicide aluminum alloy, 
Revere 6263, recently announced. Cre- 
ated to meet the need for a lightweight, | 
high strength conductor, the new alloy | 
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There are more C-D capacitors in use 








always | 


steps — 


ahead 


oO 










In the parade of progress as in the 
manufacture of capacitors it 

takes vision to lead. That is why, 
we, at Cornell-Dubilier, have proven 
our leadership with constant 
foresight ... by always being first 
to develop new and more efficient 
capacitors to meet tomorrow’s 


; a ; Super-Micadon* mica capacitors. 
demands. Too, this vision has given 


C-D...45 YEARS OF FAMOUS FIRSTS 


Shown here are three examples of 
C-D’s “Famous Firsts” — proof that 
whatever your capacitor require- 
ments, a C-D engineer can show you 
money saving answers. Write to 
Cornell-Dubilier Electric Corp., 
Dept. H95, South Plainfield, N. J. 


postage stamp (Micadon*) 
mica capacitors 


today than any other make 


CorNeLL-DUBiLiER CAPACITORS 


MASS.; 
FUQUAY 





NEW BEDFORD, 
PROVIDENCE AND HOPE VALLEY, R 6.3 
SPRINGS, WN C., SUBSIDIARY 


WORCESTER AND CAMBRIDGE 
INDIANAPOLIS (NO, SANFORO AN 
THE RADIART CORPORATION, CLEVELANO, 0 
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SYSTEM TRACERS 


MAGNAVOR AC 367607 GI 
COMPASS INTERSTAGE & ORIVER TRANSFORMER 
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PRIMARIES TUNED TO 100~ wiTH O10 MFO 










SPECIFICATION DATA 





Cannon Elechric dk Solenoid 
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WIRING DIAGRAM 
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RELAY UNIT-TYPE G 
OWG NO C352- 986 
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MODEL 50-C-3 
105-125 V.— 50-60 CY. 


FISHER RADIO 


CORPORATION - N.Y. 


1S YOUR PROBLEM REALLY 
DIFFERENT? 


Tell us what your identification 
problem is and let our engi- 
neers help you solve it. Write 
today for a free sample and find 
out why Metal-Cals are indus- 
try’s most modern and econom- 
ical method of identification. 


tw 
sil Dg 


METAL-CAL Manufactured by C & H Supply Co. 
415 East Beach Avenue, Ingiewood, California 


I am interested in Metal-Cals. 


Potents Pending 1- 






Send literature 


Have a representative phone or call 
and samples. 


on me at (time desired). ==” 














Name p pee eee iaicteeiniiaia 
Company as . ___ Dept. a 
Street_ . ac ellelieetiaamiieanenes Seat ontiiae! 

City Zone State 





202 


has excellent corrosion resistance and 
can be silver plated. Density of the 6263 
alloy is the same as the EC grade 0,098 
lb per cu in. (density of copper is 0.323 
lb per cu in.). 

Typical properties of the T6 and T8 
tempers include; 29.000 psi tensile 
strength; 25,000 psi yield strength: and 
55 to 57 per cent conductivity. By com- 
parison, the tensile strength and con- 
ductivity of EC-H17 are 17,000 and 61 
per cent respectively. The corresponding 
values for hard copper are 37,500 psi 
and 97.4 per cent. Revere Copper and 
Brass Ine., 230 Park Ave., New York 17, 
N.Y. 

No. 16, Reader Inquiry Service 
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SUBMINIATURE BLOWER 


Small. self-contained motor-blower, us- 
ing a | in. diam impeller, will move air 
at the rate of 36.8 cfm at 20,000 rpm. 
Total weight of blower and motor: less 





than 2%4 oz. Designed to meet military 
specifications, it is available for clock- 
wise or counterclockwise rotation. Rip- 
ley Co., Inc., Middletown, Conn. 

No. 17, Reader Inquiry Service 


BALL AND DISK INTEGRATOR 
HAS TWO INDEPENDENT 
OUTPUTS 


Ball and disk type integrator features 
two integrator driven by a 
common input. Output shaft speeds are 
independently 


sections 


adjusted by separate 





rods, 


control Useful in integration, 
totalizing, and speed control applica- 
tions. Model 246, 5 in. has an input 
speed of 0 to 150 rpm; output speed. 
0 to 0.8x input rpm (unidirectional) 
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~  §$O MANY JOBS SO WELL! 


lock. 4 


Highly exacting electronic devices are an old story to Kearfott 
Company, Inc., a leading manufacturer of miniature remote-control 
TOR systems for aircraft and industry. One of Kearfott’s synchro units 
(the smallest of its type on the market) is only 34” in diameter. 
This unit requires components made of a material with unusual talents. 
ce These include: 1. great strength and dimensional stability 2. arc-resistance 
s are and dielectric strength 3. resistance to humidity, fungus, shock and vibration. 
-— After much experimentation, reinforced PLASKON Alkyd Molding 
Compound was found to be the one material that had all the required 
properties. It has replaced all other plastic materials 
in this application. 


tures 


In motor housings, end forms, brush holders. and 
blocks where strength, dimensional stability 
and insulating properties are essential, PLASKON 
Alkyd has proved itself to be indispensable. Why not 
find out more about this unique material? Write 
today for complete technical data on our glass or 
mineral-filled Alkyd formulations. 





Y fiShen'- 


ation, | 
plica- 


input 

in} For further information on PLASKON Plastics and Resins, addres 
speed, BARRETT DIVISION, Allied Chemical & Dye Corp, ; 
| = 
wi il ) 40 Rector Street, New York 6, N. Y. HAnover 2-7300. ic 
me 
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NO. 9 IN A SERIES ON ASSURED POWER CONTINUITY 
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PAU mT UR CMS mt 
built-in time delay when 
CS oTeTOL TUTE 
automatic transfer ewitch 


Utility company experience tells us that normal power source dis- 
tribution feeders are subject to occasional harmless momentary dips 
and outages, caused mostly by faulty loads, accidental grounds and 
electrical storms. When these last less than one second, they can be 
ignored. Yet, any one of these fluctuations can activate a transfer 
switch, causing false starts by the emergency power plant — unless 
there is a built-in time delay. 


ASUBO Transfer Switches may be provided with built-in time delays, 
factory set for tripping at any point between 1 and 3 seconds. This delay 
permits the transfer switch to ignore momentary outages caused by 
transient conditions, resulting in smooth handling of the connected load, 
and reduced wear and tear on starting mechanisms. ASCO pioneered and 
Still effectively employs this built-in protective feature on Automatic 
Transfer Switches. - 


ASU Switches are specified by many well-known consulting engi- 
neers, utility companies, and municipal, state and federal agencies based 
on many years of proven field experience. ASCO Transfer Switches with 
built-in time delay are now demanded for more and more installations 
serving indispensable loads. 


Automatic Transfer Switches 








<6 SEPTEMBER 1955 


and 0 to 0.4x input rpm (reversible), 
Output torque: up to 16 in.-oz. Error 
is less than 0.5 per cent. Weighing 
715 Ib. Model 246 has a case size of 3 
in. X 6 in. x 7 in. The Reflectone Corp, 
Stamford, Conn. 

No. 18, 


SMALL RAPID-START 
FLUORESCENT LAMP 
BALLAST 


Rapid-start. fluorescent) lamp ballast. 
smaller in size and approximately 14 
lighter than previous models. incorpo- 
rates a new core shape which achieves 
the required impedance with less wire 
and core material. Result is a 28 per 
cent smaller cross-section and a weight 
reduction of 1%4 |b. 

Designated Catalog No. 89G545. the 
new CBM.) certified 
structed in the narrow brickette cross- 


ballast is  con- 





section, while retaining the short length 
of the brick-type ballast. An additional 
lead has been added so that the ballast 
can be connected directly to the lamps. 
eliminating need for an extra lead for 
installation. 

\ high power factor model designed 
10-watt 
Fluorescent lamps. it supersedes manu- 
facturer’s Catalog No. 89G463. Sound- 
rated B, ballast has a circuit voltage of 
110-125 volts. minimum line power fac- 


for use with two rapid start 


tor of 90 per cent. and line current of 
0.85 amp. General Electric Co.. 1 River 
Rd.. Schenectady 5. N.Y. 

No. 19 


EMBOSSED METALS 


Combination of three-dimensional pat- 
terns and materially increased strength 
is provided by an embossed metal avail- 
able in coil or sheet form, obtainable 
in any length and in widths up to 48 in. 
shapes the 


Embossed pattern 


cross-section of the metal, giving it 


greater strength and rigidity without 
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added weight. Suitable for housings, 
cabinets and panels, the metal, known 
as 3D steel is furnished in mild steel, 
stainless steel, and aluminum, with 
thicknesses varying according to the 
metal used. It can be formed, stamped, 
crimped, punched, welded, riveted, 
drilled, sheared. or roll-formed without 
any effect on the pattern. Scratch-free, 
it requires only one finishing coat. Im- 
mediately available is a stucco pattern. 
Variety of designs can be obtained to 
fit any requirements. Sun Steel Co., 
1702 West 74 Place, Chicago 36, III. 

e No. 20, Reader Inquir ervice urd 


COMPUTER STORAGE TUBE 


Three-in. storage tube, Type 6571, is 
designed primarily for use in  binary- 
digital computer systems. \ single- 
beam type, it utilizes electrostatic focus 
and deflection, has its storage surface 
on the inner surface of the faceplate. 
and requires an external signal-output 
electrode shaped to conform to, and 
placed in contact with, the entire area 
of the faceplate. Redistribution writing 
and capacitance-discharge reading are 
employed. 

Design features making the 6571 par- 
ticularly suitable for computer service 
include: a storage surface having rela- 





tively uniform secondary emission to 
prevent “bad spots” on which informa- 
tion cannot be stored: and a focused 
heam having an exceptionally small 
effective area including the fringe of 
low-density beam current and a well- 
defined boundary, features significant 
whenever a single storage element is 
addressed several times before neighbor- 
ing elements are regenerated. Also, a 
separate external connection for the 
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CARBON 





GRAPHITE 






Get this helpful booklet! In addition to de- 
tails on Stackpole products, this 44-page 
Booklet 40A includes helpful engineering 
discussions on the physical and electrical 
properties of carbon and graphite. Copy sent 
free on letterhead request. 


GRAPHITE TUBE ® CHEMICAL CARBON 
ANODES and GRAPHITE 
BATTERY CARBONS (Plain or Treated) 

@ CARBON RODS FOR 
G 

ee RES SALT BATH RECTIFICATION 

NON-WELDING 
ELECTRICAL CONTACTS © TROLLEY SHOES 
VOLTAGE REGULATOR ® SEAL RINGS 
DISCS (carbon piles) 

@ FRICTION SEGMENTS 
WATER HEATER and 
PASTEURIZATION @ CLUTCH RINGS 
ELECTRODES 

® BRAZING FURNACE BOATS 
BEARINGS 

@ ELECTRIC FURNACE 
WELDING RODS HEATING ELEMENTS 
WELDING PLATES 

and PASTE @ MOLDS and DIES 
@ RESISTANCE WELDING ® CONTINUOUS 
and BRAZING TIPS CASTING DIES 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


EVERYTHING IN CARBON BUT DIAMONDS 
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MARK- TIME 
TIMING DEVICES 


etter 


your product... 
better your company’s 


rofits 


Mark-Time adds value to 
any product because it 
provides extra conven- 
ience and utility — with 
more profit to you! 


PROFIT FROM MARK- 
TIME’S 25 YEARS OF 
EXPERIENCE as the 
world’s largest exclusive 
designers and manufac- 
turers of mechanical tim- 
ing devices. 


A SPECIALIZED ENGI- 
NEERING STAFF is ready 
at any time to work with 
you to design or adapt a 
timer or time control unit 
for your specific product. 


MARK-TIME 
has a TIMER 
for every purpose! 


fmaRK-time) 2.0 th 


SS cau 


M.H. RHODES, INC. 
HARTFORD 6, CONN. 
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MARK-TIME 


makes the 
difference! 


A built-in Mark-Time automatic time 
switch controls this versatile cold 
Ultra Violet Lamp used in medical 
diagnosis. Only one example of how 
dependable Mark-Time units perform 
important functions on many leading 
brands of medical equipment. 


MARK-TIME TIMERS 








MARK-TIME 


makes the 
difference! 


The fast-growing popularity of soft 
served frozen milk products has 
widened a profitable market for the 
manufacturers of freezer-dispensers. 
Mark-Time automatic time switches 
are widely used in these units to 
provide dependable accurate timing 
of the freezing cycle. 


MARK-TIME TIMERS 









MARK-TIME 


makes the 
difference! 


Built-in Mark-Time automatic time 
switch controls the exposure interval 
for a portable office copying unit 
which is finding wide acceptance in 
offices making multiple copies in less 
than a minute. One more example 
of how Mark-Time adds ‘‘sales ap- 
peal” to products for business. 


MARK-TIME TIMERS 


Manutactured and Sold in Canada by: 
SPERRY GYROSCOPE OTTAWA Ltd., Ottawa, Ontario, Canada 





collector to permit its operation at a 
voltage slightly different from that of 
the ultor and to enable the collector 
to serve as an effective shield to pre 
vent cross-coupling between the electron 
gun and the external signal-output elec. 
trode. Tube Div., Radio Corporation of 
America, Bldg. 17-3, Harrison, N. J. 
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MINIATURE POWER RELAY 


Reliable switching of heavy currents 
up to 10 amp and operating sensitivity 
are combined in a miniature power 
relay. Heavy-current contacts can be 
furnished in combination with bifur- 
cated contacts for switching both heavy 
loads and low-level signal loads with 
the same relay. 

Coil and contact terminals at mount- 
ing end of the relay facilitate concealed 





wiring of either individually mounted 
or strip mounted relays. Contact com- 
binations up to four-pole double-throw 
can be furnished; also, hermetically 
sealed or dust-tight enclosures. Avail- 
able for 60-cycle a-c, any voltage to 
440; d-c, any voltage to 230. Magne- 
craft Electric Co., 3352 West Grand 
Ave., Chicago 51, II. 
No. 22, Reader Inquiry Service rds 


ir 


GLASS-SEALED CARBON 

FILM RESISTOR 

Ruggedness, small size, and high sta- 
bility are features of Model PT 1000 
glass sealed carbon film resistor. Under 
low power use, at any ambient tem- 


————- 4a 





2 3 


perature up to 125 C the resistors are 
virtually unchanged for very long 
periods of time. 

Stability is better than +0.03 per 
cent per year at 0.5 watt rating and 
derating to zero power at 140 C. With 
a l-watt rating, derating to 160 C, 
stability is better than +0.1 per cent 
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Quick facts for those who design-in and specify electric motors 











Gearmotors — speed ...and cost... reducers! 


See 


Where driven speeds less than normal 
motor speeds are required, there are 
good reasons for using a gearmotor 
as opposed to a motor-plus-reducer- 
plus-coupling arrangement. Here are 
some of them: 

1. LOWER FIRST COST is a big 
advantage —see table in adjoining 
columns for some specific com- 
parisons. 

2. COMPACTNESS that can give 
you significant space savings — 
plus a better looking drive. 

3. STANDARDIZATION — fewer , 2 ee 
parts for you and your customers SiTe la Mole Bs elle 
to stock. NEMA-standard = gear- ° 
motors, like Howell’s, are com- SQUIN GS — Howell Gearmotors vs. Separate Motor, Reducer, Coupling and Base 
pletely interchangeable — Howell — based on open motor and Class | gears 
ships them from stock. 


4 GREATER RELIABILITY — With 1. Ratio 11.4 to 1 or 155 RPM with 1750 Motor 


one integral unit and direct HORSEPOWER , GEARMOTOR SIZE REDUCER SIZE GEARMOTOR SAVINGS* 
coupling, chances for wear and | 











: 1 | 21A-203 21-SL $106.76 
failure are greatly reduced. 1% 21A-204 21-SL | 82.38 

Gear Hardness Counts ; 214.225 2181 | 28.32 
The degree of compactness and reli- 5 21A-254 22-SL 35.52 
ability you get in a gearmotor is de- 7 23A-284 23-SL 101.10 
pendent in good measure upon the 10 23A-324 23-SL 52.70 nica 
hardness of the gears. Howell’s par- | |), Ratio 86.5 to 1 or 20 RPM with 1750 Motor 
allel shaft units have gears machined 1 32A-203 32-SL | $ 71.30 
to close tolerances from steel substan- 1% 33A-204 33-SL 134.08 
tially harder (Rockwell 52-60) than is 2 33A-224 33-SL 78.96 “Complete cost 
average in the industry. Result —a 3 34A-225 34-SL we. 
smaller gear package with superior 5 34A-254 34-SL 43.06 request 
wear resistance. Howell right angle 7", 35A-284 35-St | 22608 
units have precision ground steel 10 1 eee == — 





worms integral with shaft, and worm 


11 reasons why Howell Gearmotors 
gears made of high grade alloy bronze. 


last longer, serve you better 
1.High-quality insulation 
2.Copper-clad rotor 
3.Expert Craftsmanship 
4.High-quality coil varnish 
5.Leakproof oil seals 
6.Duti-Rated Lifetime Gearing 
7.Unit case construction with 

integral bearing housings 

8.Corner-mounted offset shoft 
9.Large oil reservoir 
10.Heavy, cast-iron construction 
11.Superior cooling 


Write for Bulletin GM-1 


HOWELL MOTORS 


The right angle type of gearmotor is 
a recent addition to the Howell Motor 
line and complements the parallel 
shaft series. A Howell sales engineer 
will be glad to show you which is best 
for your application. 


Note This Versatility 

Howell is one of the few manufac- 
turers to offer gearmotors with the 
motor of any electrical or mechanical 
type. Electrical types available include 
elevator and hoist, slip ring, torque 
and multi-speed motors. 
Mechanically, they can be supplied in 
various types of enclosures — either 
with feet or with flanges for mounting 
horizontally or vertically. Optional ac- 
cessory equipment includes brakes and 
zero speed switches. 















See our catalog in Howell Gearmotor 





Capacities: HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 
Parallel Shaft: 1 to 150 hp 
AU) Right Angle Shaft: Vg to 40 hp PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 1915 
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CAPACITORS 


Four basic advantages 


PT me) T Tai a 
in Small Space 





ae aie lib 
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Maximum d-c 
CY.) ge 
0.000008 amp. 


Stable Characteristics 
Tae te) 
Bal: 






DISTRICT OFFICES: 


BOSTON —5 Barlow Lane, Westwood DEdham 3-0467 

NEW YORK — 30 Church Street WOrth 2-2674 

PHILADELPHIA— 1215 Old York Road, Abington TUrner 4-4016 
CLEVELAND — 2147 Prospect Avenue SUperior 1-5908 
CHICAGO — 3304 North Harlem Avenue TUxedo 9-3200 

a Nt 4a eerste mem a emer te 

LOS ANGELES — 1015 Hope Street, South Pasadena PYramid 1-2125 
DALLAS — 6310 Denton Drive Dixon 4038 ; 
HOUSTON — 1301 Caudle Drive HOlbrook 5-3644 





FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 


TANTALUM CAPACITORS... DEPENDABLE SINCE 1930 


in 1000 hr. Three months storage at 
500 C has shown the seals to be com- 
pletely vacuum-tight. 

Ruggedness is achieved by a hard 
borosilicate glass envelope that is fu- 
sion-sealed to the end caps. 

Resistance values range from 1 ohm 
to 30 megohms. They are available 
in sets with temperature coefficients 
matched to 1 ppm/°C. Mounting may 
be done on leads. which are capable 
of withstanding up to 15 lb pull. Actual 
size is “16 in. diam x ‘46 in., measured 
the length of the resistor body. Overall 
size including weldable end studs is 
l*i6 in. with 11-in. tinned leads. Other 
types available are in 0.5-watt and 2- 
watt ratings. Pyrofilm Resistor Co., 
8 Whippany St., Morristown, N. J. 

le No. 23, Reader Inquiry Service 


preceding back 



























HEAVY-DUTY SWITCH 
REQUIRES LIGHT OPERATING 
FORCE 


Only a 2'5-0z force is required to oper- 
ate a heavy-duty limit switch designed 
for use on counting devices or similar 
units. Switch actuating lever is a 5-in. 
aluminum rod, 4g in. in diam, which 
can be bent or cut off to fit require- 
ments. Operation can be clockwise or 


counterclockwise. Full 60-deg  over- 
travel permits use in applications where 
operating motions cannot be accurately 
controlled. 

Rugged aluminum enclosure protects 
the precision switching unit from physi- 
cal damage, seals the switching cham- 
ber against the entry of foreign matter, 
provides a means of mounting, and 
permits conduit-type wiring. Switching 
unit can be wired or replaced without 
removing the enclosure from its mount- 
ing. 
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Switch is available in either or two 
contact arrangements. One, designated 


1ML10, is single-pole double-throw; 
the other, designated 101ML10, is two- a nN . e e 
circuit break. Both are listed for 10 
amp at 120, 240 and 480 volts. Micro 
Switch Div., Minneapolis - Honeywell 


Regulator Co., Freeport, Ll. 
rcle No. 24, Reader Inquiry Service Car 4 
preceding back cover 


MINIATURE PULSE TRANS- 
FORMER FOR USE WITH 


PRINTED CIRCUITS 

Stocked pulse transformer are available 

in pulse widths ranging from 0.1 to 16.0 

microsec, and in most two, three, and 

four winding-turns ratios. Having low . 


rise times and leakage inductances, the 

transformers are suitable for use in 

blocking oscillators, impedance match- 

ing, linear oscillators, as wide band in- a 

put and output transformers and other 

applications. 3 | 
Suitable for insertion into printed- 

circuit eyelet boards, they come with year 


* 10 ape aac 


record 
of 
DEPENDABILITY! 


‘ 
ee 


standard seven- and nine-pin pattern 
headers. Can sizes range from }42 in. 
height x 1% in. OD to 5x in. height x 34 
in. OD. 

Transformers are epoxy-impregnated 
in hermetically sealed cans, and are de- 
signed to withstand shock, temperature 
cycling, vibration, and humidity re- 
quirements of MIL-T-27 where applica- 
ble. PCA Electronics Inc., 2180 Colo- 
rado Ave., Santa Monica, Calif. DISTRICT OFFICES: 

Oi a A TE Se a OT BOSTON —5 Barlow Lane, Westwood DEdham 3-0467 
ee ne eee NEW YORK — 30 Church Street WOrth 2-2674 
PHILADELPHIA — 1215 Old York Road, Abington TUrner 4-4016 
CLEVELAND — 2147 Prospect Avenue SUperior 1-5908 
CHICAGO — 3304 North Harlem Avenue TUxedo 9-3200 


MILWAUKEE — 2609 West National Avenue ORchard 2-4091 
EPOXIDE BASE CASTING 


LOS ANGELES — 1015 Hope Street, South Pasadena PYramid 1-2125 


RESIN FOR 400 F DALLAS — 6310 Denton Drive Dixon 4038 


e ; : . HOUSTON — 1301 Caudle Drive HOlbrook 5-3644 
Combined low weight, wide temperature 


range, and ease of use, Stycast 1090 has i 

a specific gravity when fully cured of | | FANSTEEL METALLURGICAL CORPORATION 
0.90. This epoxide base material is OT LT ee 

useful from —100 to —400 F, has ex- 

cellent adhesion to a wide variety of Been ee eee h0606h™”™lUlhUDCU ee es. 
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aI 
CUT and FORMED 


TOUS 





IN THESE DAYS 
OF MINIATURIZATION 
SPECIFY SEAMLESS TUBING 


CUT AND FORMED 


WITH PRECISION FOR.... 


* BUSHINGS 
* LEADS 

* CONTACTS 
* CATHODES 
* SPACERS 





KLEINER 


P. O. BOX 185, DUNELLEN, NEW JERSEY 
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* COMPONENT PARTS 
* FEED-THROUGHS 


* EYELETS 


* TERMINALS 


* ANODES 












Send Your 
meee ay 


Tea 


Wage 
SPECIALTIES INC. 





materials and negligible shrinkage dur- 
ing cure. Therma! expansion coefficient 
is close to that of most metals. The 
material is particularly useful in air- 
borne equipment and in other units in 
which weight is an important factor, 
Emerson & Cuming, Inc., 869 Wash- 
ington St., Canton, Mass 
No. 26, Reader Inquiry Service 


ELECTROMAGNETIC 


| SOLENOID ACTUATOR 


Feature of electromagnetic Solenoid 
Actuator, Model L22A, is the special 
linkage system available in either a 
push or pull arrangement that magni- 
fies the original air gap movement in an 
8:1 ratio. 

Model L22A displaces 1.4 cu in. and 
weighs 50 gm. It operates on 1.8 watts 
input, within 7 millisec, at normal volt- 





age. The new linkage design permits 
even motion with minimum friction- 
induced loss of energy. 

Coil specifications are 1260 ohms; 
7400 turns; 48 volts d-c; 0.038 amp, 1.8 
watts. Stroke is 0.125 max; pull, 100 
to 550 gm. Other coils for 12 and 24 
volts d-c and special voltages up to 120 
volts are also manufactured. James 
Cunningham, Son & Co., Inc., 13 Canal 
St., Rochester, N. Y. 

‘ircle No. 27, Reader Inquiry Service Cards 


SUBMINIATURE 
CENTRIFUGAL BLOWER 


Designed especially for cooling air- 
borne electronic equipment, high-veloc- 
ity subminiature centrifugal blower, is 
only 2% in. long and weighs less than 
6 oz. Designed and tested for high alti- 
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“And I Said Id 
Never Use a 


Drafting Machine” 


Bruning Counterbal- 
anced Drafters and 
Bruning Track Draft- 
ers provide fast, easy, 
accurate drafting on 
vertical boards and on 
extra-large drawings. 


Bruning Equipoise 
Drafters are available 
with either the Civil 
Engineer protractor 
head, shown here, 
with its special azi- 
muth scale, or the 
Standard protractor 
head. 


BRUNING 





as 


Take a tip from an increasing number of draftsmen who, perhaps like 
yourself, were reluctant to try any drafting machine or had been 
disappointed in a conventional type drafter. These men now report: 
Bruning Equipoise Drafters cut drafting time over conventional 
equipment up to 40% on most jobs, up to 50% on some structural 
drawings — beat any other drafting machine they ever tried. 


But prove it to yourself! See how fast you’ll work with one precision 
instrument combining T-square, straightedge, triangle, protractor, 
and scales. Feel how the patented Equipoise mechanism eliminates 
any drift from gravity, literally makes the drafter “float” into place. 
Find how easy it is to rotate, turn, and lift this drafter — all with the 
left hand. At the same time, operate the Touch Control button with 
your left thumb to set the drafter automatically at any of 24 commonly 
used 15-degree increment angles. Don’t overlook the special scale 
lock that makes it easy to change the scales, holds the scales rigid. 


Your own test will convince you of the superiority of a Bruning 
Equipoise Drafter. Mail coupon today! 


Charles Bruning Company, Inc., Dept. 94L 
4700 Montrose Ave., Chicago 41, Illinois 


Please send me the free booklet on Bruning 
Drafting Machines. 





an on eS ee 








| 
| 
| 
pee 8 ee | 
Company are | 
America’s L t Suppli f Engi i 
aes col Dulinatadeaees: - feltnoes | 
Nn State | 
CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, IL, Lio J 
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for insulated wire, one 
ontinental 


SOUTrCC 


For the run-of-the-mill wiring problems—or the hundreds of 
specials—the one source for practically all types of permanently 
insulated wire—is Continental. Whether it's electronic hook-up 
wire, military hook-up wire or cable, switchboard AVB—TA—SHFS 
Cable or Wire ... Asbestos, Glass, Nylon, Varnished Cambric, 
Polyethylene, etc... . the Always Correct Source is Continental 
Wire Corporation. Refer your special wiring problems today to 


Continental's Wire and Cable specialists i 


Contact: Continental Sales, Box 363, Dept. CWS-20 
Wallingford, Conn., Phone COlony 9-7718 


POWER and RHEOSTAT CABLE—TYPE AIA 
available in Sizes 18 AWG—2,000,000 CM inclusive. 


— 


Stranded copper conductor, asbestos 
insulation, asbestos braid. Heat, flame, temperatures, oil, grease, corrosive 
moisture resistant impregnation and vapors or moisture. Maximum tempera- 
finish. ture 257° F. 


For open installation in high operating 


ontinental 
WIRE CORPORATION 


WALLINGFORD, CONNECTICUT © YORK, PENNSYLVANIA 








tude and high ambient temperature Op- 
eration, it is said to meet all applicable 
MIL specifications. 

Available for rotation in either rota- 
tion and in single- or double-ended 
models, the blower features a metal 
housing that can be rotated to any re- 
quired position. 

Air delivery of the single ended 
blower is 13 cfm at 0 in. static pressure 

20,000 rpm) and 7 cfm at 0 in. static 
pressure (11,000 rpm). Velocity of the 
20,000 rpm model is 3000 fpm. 

Blower utilizes a 1-in.-diam motor, 
available in single or 3-phase for 400- 
cycle or variable frequency operation. 
Eastern Air Devices, Inc., 387 Central 
Ave., Dover, N.H. 

rcle No. 28, Reader Inquiry Service 
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TIME DELAY RELAYS PROVIDE 
A PROPORTIONAL DELAY 
RESET 


Time delay relays that provide a pro- 
portional delayed reset after current 
interruption can be supplied hermetic- 
ally sealed in an extruded aluminum 
housing (as shown), or in a standard 
dust cover. The hermetic model can 
be supplied with a glass metal header 
or AN connector, and for four-stud or 
bracket mounting. 

Primary function of the device is to 
delay application of plate voltage in 





gas and vacuum power tubes until fila- 
ments or heaters have reached the 
proper temperature. Time delays from 
5 sec to 1 hr and reset times from 
30 sec to 7144 min can be provided. 

Standard or governed d-c, or 60- or 
400-cycle a-c motors can be provided on 
these units, which have been designed 
to meet military requirements. The 
A. W. Haydon Co., 232 N Elm St., 
Waterbury 20, Conn. 

No. 29, Reader 


LOCK NUT SEALS OUT WATER 
AND DUST 


Addition of a sealing compound to 
washer-type lock nuts provides a com- 
plete seal around threads and nut seat 
when tightened, to prevent entrance of 
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© Strip of felt 
ky §6from the 
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= <¢¥ molding press 
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ra 


American felt 
Company 


MARK ® 






GENERAL OFFICES: 16 GLENVILLE ROAD, GLENVILLE, CONN. 


SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Roch- 
ester, Philadelphia, St. Louis, Atlanta, Dallas, San Francisco, Los 
Angeles, Portland, Seattle, Montreal.—PLANTS: Glenville, Conn.; 
Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R. l.— 
ENGINEERING AND RESEARCH LABORATORIES: Glenville, Conn. 


molded into 





special shapes 


American felts are moldable felts. Molded 
felt parts eliminate fabricating problems 
of stitching, cementing or stapling. They 
also provide one-piece integrated assem- 
blies at lower cost for superior service 
where a compact, permeable shaped 
part is needed which will breathe, cushion, 
filter, seal, wick or lubricate. Review your 
material requirements and let our engi- 


neers apply this property of felt to your 
new design projects or to existing parts. 





W RITE for our recommendation of a molded American Felt part to your specifications. 
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PRECISION COIL ak 
ARE THE MOST 


WIDELY USED in 
the ELECTRONIC 
INDUSTRY.... 





Here’s why: 


I PRECISION patents covering bob- 
bin constructions give guaranteed 
protection against infringements. 


2 Many tools are available to fit 
standard laminations, solenoids 
and relay brackets. 


3 Low initial tooling and tool re- 
vision charges. 


4 Less rejects—your completed coils 
are protected against flash, cold 
flow and shock. 


= PRECISION combines materials to 
solve your mechanical, dielectric, 
temperature or moisture problems. 


PRECISION Bobbins are available in any size, round, square or rec- 
tangular. Cores fabricated from dielectric kraft, fish paper, acetate, 
Resinite, quinterra or combinations, including Mylar*. All orders to 
customer specifications. 


*DuPont trademark 











Plus the Most Complete Coil Form Service Available! - 
Square and Rectangular Tubes 
Any length, shape, size, I.D. or O.D. 


Round Tubes 
Any decimal size up to 8” I.D. 


Bobbins 


Round, square or rectangular. 


Mandril Service 

Accurately ground mandrils at low 
cost. 

Resinite Coil Forms 


Highest resistivity of any resinated 
product. 


Fabricating Service 
Complete facilities to meet any cus- 
tomer requirement. 


SEND FOR BULLETIN i 
AND ARBOR LIST 


—$ oo 


Sales Representatives in: 











New England: Framingham, Massachusetts, Trinity 3-7091 
Metropolitan New York, New Jersey: 

Jersey City, New Jersey, Journal Square 4-3574 
Upstate New York: Syracuse, New York, Syracuse 4-2141 
Northern Ohio, Western Penn.: Cleveland, Ohio, Atlantic 1-1060 
Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 
California: Pasadena, California, Sycamore 8-3919 


Canada: Montreal, Quebec, Canada, Walnut 0337 
Peecisien 
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PRECISION PAPER TUBE COMPANY 


VaR Pm Cee alte tie eels le 
Plant No. 2: 79 Chapel Street, Hartford, Conn. 





water, dirt and dust. A single, one-piece 
sealer-type washer lock nut, it can take 
the place of an ordinary nut, lock 
washer, flat washer and sealing washer. 
High speed assembly is achieved with 
standard power tools. Resilient spring 
steel construction reduces damage to 
studs, screws and fastened parts, and 
cushions the shock of power drives, 
Spring locking force is exerted inward 
on the threads and downward on the 
base to prevent loosening under vibra- 
tion. Large washer base spans stud or 
screw holes, cannot chafe edges to 
cause corrosion. Available in Nos. 8-32, 


10-24, 12-24 and 14 in.-20 sizes. The 
Palnut Co., 61 Cordier St., Irvington 
1], N.J. 

Circle No. 30, Reader Inquiry Service Card 


VINYL SLEEVING RESISTS 
CUT-THROUGH, HEAT, 
AND OIL 

Vinyl insulation 
Super-Heat 125, is 
under 
include oil 


Resinite 
intended for use 
conditions. Applications 
transformers, motors and 
appliances requiring prolonged resist- 
ance to heat, oil, and abrasion. 
Additional features include superior 
heat aging qualities and a dielectric 


sleeving, 


severe 





Illus- 


Enamel wire 


strength of 


1000 vpm 
trated is cut-through test. 
loaded to 300 psi does not cut through 


average. 


sleeving after 30 days at 105 C. Resin 
Industries, Inc., P. O. Box 1589, Santa 
Barbara, Calif. 

ircle No. 31, Reader Inquiry Service ( 


NONLUBRICATED PULLEY 
FOR VARIABLE-SPEED 
POWER TRANSMISSION 


New °4-hp variable speed pulley feat- 
ures a minimum number of parts. In 
addition, oil-impregnated bronze bear- 
ings are used, eliminating the necessity 
of lubrication. Pulley delivers a speed 
ratio to 2°4:1, using an A section belt. 
Maximum bore is 7% in. with keyway. 
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One OF THE IMPORTANT REASONS 
why Mallory Power Rheostats give superior 
performance is their unique hinged contact 
arm. Exclusive with Mallory, this construction 
assures correct pressure at all times, between 
the brush and the winding. You can lift the 
arm to clean or replace the brush... and the 
spring snaps back to exactly the right pres- 
sure. The spring carries no current... won't 
anneal and lose its tension during overloads. 

Other notable design features are built into 
these rheostats. Ceramic insulation for current- 
carrying members is selected for high dimen- 
sional stability. Tough, impervious vitreous 
enamel protects the winding. Overall design 


prevents 


Contact 


in 
MALLORY 
Rheostats 


assures good ventilation and cool operation at 
full ratings. 

Precise linearity is obtained through Mallory- 
developed winding techniques. Special tapers 
can be produced with a single wire by means of 
Mallory variable pitch winding, which elimi- 
nates hot spots and points subject to breakage. 

Standard Mallory rheostats cover the full 
range of most industrial applications . . . with 
ratings of 25, 50, 75, 100, 150, 225, 300 and 500 
watts. In addition, we will be glad to engineer 
special single, dual or multiple units for your 
particular needs. Write to Mallory today for 
our Technical Bulletin describing all Mallory 
wire wound resistors and rheostats. 


Parts distributors in all major cities stock Mallory standard components for your convenience. 


Expect more... Get more from 


Serving Industry with These Products: 


Electromechanical—Resistors ® Switches ® Television Tuners @ Vibrators 
Electrochemical — Capacitors @ Rectifiers © Mercury Batteries 
Metallurgical— Contacts ® Special Metals and Ceramics ® Welding Materials 
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Troubles 


Hinged Arm 
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P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIA 
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Two Companies Under One 
Roof Offer You a 
Prime Source for... 


PRECIOUS 
LAMINATED METALS 


and 
FABRICATED PARTS 


INDUSTRIAL DIVISION 


Pea La 


COMPANY 
ATTLEBORO, MASSACHUSETTS 


O.. aim is to give you fast, 
efficient PERSONAL SERVICE on all 
orders and inquiries. Write us, we'll 
show you we mean business when 
we talk SERVICE and QUALITY. 


Leach & Garner produces solid and 
laminated precious metals in sheet, 
wire and tubing. General Findings 
& Supply Co. fabricates precision 
parts from these and many other 
materials to your specifications. 


CUR RS 
AND Nd a COMPANY 


ASK FOR BROCHURE EM 1 ATTLEBORO, MASSACHUSETTS 








Get smoother... 


tighter windings 
with new 


ELECTRO BI-GLAS 


Withstands high ambients which exclude 
use of bias varnished cambric 





This Class B insulation retains its superior 
electrical qualities even after elongation. 
Stretch it... bend it . . . shape it around 


SPECIAL INSULATION FOR ELECTRONIC APPLICATIONS 


SIL-THIN and SIL-THIN-BESTOS—Extra thin high 
temperature insulation. 





irregular contours—the dielectric strength 
of new Electro Bi-Glas is unaffected. Lap 
it without coning or forming air pockets. 
Excellent resistance to oils, acids, mois- 
ture, fungus and ozone. Thermal stability 
enables it to withstand higher ambient 
temperatures. Convenient tape form for 
fast wrapping of coils, spiral wrappings, 
cable splices and terminal connections. 


















A Division of Sv Chemical Corporation 


DIVISIONS OF SUN CHEMICAL CORPORATION 


Electro-Technical Products 


STICK-GLASS*—Class B cloth or tape with adhe- 
sive backing. 


ELECTRONIC BOARD—Heat-activated, resin-coated 
Kraft Paper. 


SIL-GLAS—Class H sheets or tape. 


ELASTOMERIC FIBERGLAS—Highly water repellent. 
Impregnated and coated with silicone rubber. 


ACTO-GLAS—Woven Fiberglas cloth preimpreg- 
nated with polyester or silicone resin. 


RESEARCH LABORATORY SERVICE 

If you have a special insulation problem, 

we'll gladly help work it out in our mod- 

ern, fully-equipped research laboratories. 
SAMPLES AVAILABLE 

For complete data and samples, address 

Dept. E11-92. 


*® Owens Corning Fiberglas Corp. 





Nutley 10, New Jersey 


HORN + HUDSON + WILLEY (paints, maintenance and construction materials, industrial coatings) * 
WARWICK (textile and industrial chemicals) +» WARWICK WAX (refiners of specialty waxes) + RUTHER- 
FORD (lithographic equipment) +» SUN SUPPLY (lithographic supplies) * GENERAL PRINTING INK (Sigmund 


Uliman + Fuchs & Lang * Eagle * American * Kelly » Chemical 


olor & Supply Inks) * MORRILL (news inks) 


* ELECTRO-TECHNICAL PRODUCTS (coatings and plastics) » PIGMENTS DIVISION (pigments for paints, 
plastics, printing inks of all kinds) 
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Shaft bore runs through the entire 
length of the pulley, giving the added 
advantage of reverse mounting when 
necessary on special installations. The 
spring cover has been eliminated, since | 
in the majority of cases the pulley is 
used in the enclosed portion of the 
machinery. Entire unit measures 4), 
in. overall length. 6 in. diam. Weight, 
61% lb. Lovejoy Flexible Coupling Co.., 
4802 W Lake St., Chicago 4, II. 


rcle No. 32, Reader Inquiry Service Car 
precedina back over 


MIDGET PRECISION 
POTENTIOMETER 


Weighing only 1% oz and having a diam 
of only 7% in., subminiature precision 
potentiometers combine features of a 


full-size potentiometer with savings in 





weight and space. Applications include 
use in computers, guided missiles, porta- 
ble and aircraft equipment. 
Designated, Series C-078, the poten- 
tiometers has multiple-finger contact 
brushes, gold connectors for trouble-free 
contacts, and 320-deg electrical rota- 
tion. Housings are completely enclosed. 
Potentiometers can be gauged and in- 
dependently phased. They are also avail- 
able with special torque ratings, ball- 
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HOLTZER-CABOT 





Mi 









% 
5, R-24 MOTOR 
R-25 GEAR MOTOR 
STANDARD DIMENSIONS* 
THE R-24 size Holtzer-Cabot motor is a reversible, low inertia, 4- 
pole induction motor designed for application to modern, high-speed 
industrial process control and instrumentation. It is especially suit- 
able for AC servo application because of its low rotor inertia (%’’ 
rotor diameter). When operated 2 phase, it can be controlled elec- 
tronically; it can also be operated single phase as a permanent split 
capacitor motor. 
THE R-25 size motor, as designed by Holtzer-Cabot, was the first 
of its size ever built. It is approximately 242" in diameter and is ye? ny oa" 

; ° - ; : . ° Deep 21 lh5" 
available in either induction or synchronous construction with re- Oeap 3%e" 
versible rotation. *APPROXIMATE: See data sheets for exact dimensions 

SPEEDS available from 14 to 3600 RPM [ 

, : ; ; HOLTZER-CABOT MOTOR DIVISION | 
TORQUE RATINGS up to 75 ounce inches as standard — higher ' NATIONAL PNEUMATIC CO., INC. 
ratings for special applications | 125 Amory-Street, Boston 19, Mass. 

, a 7 y GENTLEMEN: (1 Please send me data sheets 
POWER CONSUMPTION — 10 watts (approx.) | on the Holtzer-Cabot 24 and 25 Size Motors. | 
Mail coupon today for complete information 1) Plesse have representative call....... vee 

(Date 

OE Si ck 836 Re eee eee Pr | 

AND ; Es GI sie 0a Se ave oe age Coe 
NATIONAL PNEUMATIC CO., INC.**° HOLTZER-CABOT | Title 

eee el CONES... . cena ek enee an eee eae 
125 Amory St., Boston 19, Mass. ioe Designers and manufacturers of | Pies os. os etineeneeie ks eee 7 

Sales Service Representatives ,/ mechanical, pneumatic, hydraulic, electric | 7- 

in Principal Cities throughout the World ~~ and electronic equipment and systems OY ed .-+ + Come. . - State ‘esas nese asic 
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GIVE US YOUR PROBLEM 
GET THE FACTS! 


AS a at 














BARREL 


A Time-Tested Device 

for use on parts re- 

quiring critical selection. 
BOWL 


Co FEEDER 


AVIBRATORY feeding 
device to effectively 
select and feed parts 





that could not normally | 


| bottom of the case. Rating: 5 amp at 


withstand tumbling. 
BARREL 


with STATIONARY 
RING COVER, oper- 
ating on Rotary Prin- 





ciple, but providing | 


| frame and are offered in %o and Ye 


3 TIMES THE LOAD 
CAPACITY of other 
feeders. Designed for 
heavy-duty 
production runs. 


DETROIT 16, MICH. 


<a, | bearings, 


large | 


sealed housings, special 
tolerances and other requirements for 
any linear or nonlinear function. Elec- 
tronic Sales Div., DeJur-Amsco Corp., 
40-01 Northern Blvd., Long Island City 
1, N.Y. 

Circle No. 33, Reader Inquiry Service 

preceding back or 


Cards 


| SUBMINIATURE SENSITIVE 


SNAP-ACTION SWITCH 


Movement differential of 0.0015 in. 
max is a characteristic of a subminia- 
ture snap-action basic switch desig- 
nated Model B-2. Other characteristics 
include: pre-travel, 0.008 in. max; op- 
erating force, 5 oz max; and overtravel, 
0.005 in. min. Housed in a plastics case 
which measures 14 in. wide x 7%64 in. 
high x 7542 in. long, switch employs a 
design principle having a single moving 





element. Switches are furnished single- 
pole, double-throw, 
normally 


with one circuit 
closed, the other normally 
open. Connections are made through 
silver-plated solder terminals at the 


125/240 volts a-c or 2.5 amp at 30 
volts d-c. 

One model, still on the testing board, 
has been successfully operated over 
265,000,000 times. Milli-Switch Corp., 
1742 Berkeley St., Santa Monica, Calif. 

le No. 34, Re der |r juir ervice Cards 


SMALL GEARMOTORS 


Small gearmotors utilize a NEMA 42 
hp ratings. Eight standard ratios from 
5:1 to 60:1 can be obtained. Available 
are split-phase, capacitor start-induction 


| run, capacitor start-capacitor run, and 


polyphase models. Both open and _ to- 
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ADD BETTER F 


PAPER-DIELE 


In capacitors, condensers and high KV cables, 


where severe operating temperatures are encoun- 
tered, Oronite Polybutenes used as impregnating 
agents offer superior dielectric strength, low 
expansion coefficent and low power factors. 
These essential features are “built in” qualities 
of Oronite Polybutenes. 


The original producer of POLYBUTENES 


ORONITE CHEMICAL COMPANY 


200 Bush Street, San Francisco 20, California 

30 Rockefeller Plaza, New York 20, New York 

20 North Wacker Drive, Chicago 6, Illinois 

714 W. Olympic Bivd., Los Angeles 15, California 

Mercantile Securities Building, Dallas 1, Texas 
Carew Tower, Cincinnati 2, Ohio 
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Conductors so insulated show excellent stability 
under accelerated thermal aging tests and have 
proved most successful under wide operating 
conditions. 


Contact the Oronite office nearest you for fur- 
ther information or product samples. 


COMPANY 


3518 
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SNAP ACTION 


CENTRIFUGAL 
SWITCHES 


can be used for: 
Single phase motors. 


Compressor unloaders. 


Gasoline engine speed control. 


Limit and sequence control for 
over and under speeds. 


Centrifugal actuator for mechani- 
cal and electrical devices utilizing 
rotary motion. 


Accurately produced to your specifications, 
Syncro-Snap switches feature absolutely 
uniform operating characteristics . 

cut-out/cut-in speeds are held to any de- 
sired tolerance . . . non-fluttering, instant 
switching action is completed within 3 
revolutions . . . action is determined by 
speed alone independently of voltage or 
load . . . unit employs only one moving 
part... and Syncro-Snap switches with- 
stand millions of operations in actual use. 
Send your requirements or problems today! 
Standard samples available on letterhead 


request. 
~ - 
Centrifugal Stationary Dust-proof 
Switches Switches Switches 


ENGINEERED PRODUCTS, INC. 
10 INTERSTATE ST., BEDFORD, OHIO 
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| tally enclosed constructions are offered. 


Prelubricated ball 
throughout. 


bearings are used 


Gear box can be mounted in a variety 
of positions. Provision has been made 
for grease seals at both the input and 
output shafts. Doerr Electric Corp., 510 
North Fourth Ave., Cedarburg, Wis. 


No. 35, Reader Inquiry Service 


preceding DAC over 


SUBMINIATURE CAPACITORS 
FOR TRANSISTOR CIRCUITS 


High-capacitance subminiature ceramic 
capacitors, suitable for use with tran- 
rated at 25 WVDC. Units 
are available in 5 stock capacitance 
values ranging from 0.005 to 0.1 mf. 


sistors, are 


O05 MF 





ime G2 05 MF JMt 


Dimensions range from 64 in. sq max 
to lg. in. max x 7!49 in. max, 
thickness from 0.090 in. 
in. max. 

Made of Super-K ceramic material, 
capacitors have radial No. 26 leads, 
and are normally used from 5 to 40 C. 
Mucon Corp., 9 St. Francis St., Newark 
5, N.J. 


with 
max to 0.110 


No. 36, Reader 


COLOR-CODED STRIPED 
EXTRUDED TEFLON 
HOOK-UP WIRE 


Extruded Teflon-insulated hook-up and 
lead wire is now available with two or 
three stripes. Colors are said to remain 
bright under extreme heat, light or 
and to conform to MIL-STD 
104. Temperature range extends from 
—90 to 260 C for continuous duty with- 
out deterioration. Designated Temprex, 
it is produced in from 10-26 
AWG, in two ratings. Type TX is rated 
for 600 volts rms; Type HX, for 1000 
volts rms. Conductors are silver-plated, 
stranded or solid copper. 

The insulation, possessing the inhe- 
rent properties of Teflon, is non-flam- 
mable, has zero water absorption rate, 
and remains unaffected by all known 
commercial solvents. Both Types TX 


and HX MIL-W-1687A 


solvents, 


sizes 


conform to 





PRECISION QUALITY 


components 


OF TUNGSTEN, 
MOLY, NICKEL CLAD WIRE, 
ALLOYS, KOVAR 








Quality controlled 
throughout production with 
Tungsten hard glass leads produced 
under General Electric Timing Control. 
Each tungsten lead is microspecially 
inspected for flaws. DKE offers highest 
quality and LOW PRICES. Send 
drawings for quotations and let us 
prove the economy of our prices. 





The Engineering 
Company can give you 
immediate delivery on following 
bases: 50 Watt, 3303B, 412 Indus- 
trial Base, Giant 7 Pin Bayonet, 4310 
Four Pin Jumbo, Tetrode, Hydrogen 
Thyratron Bases in both Aluminum 
and Copper up to 6.50 dia. etc. All 
bases to JAN-1A/MIL-E-1B and sub- 
jected to weights and strength tests. 


DKE HYDROGEN THYRATRON 
TUBE BASES 





CALL OR WRITE FOR QUOTATIONS 
ON YOUR SPECIFIC REQUIREMENTS 


rue BNINGETING co: 


27 WRIGHT ST., NEWARK 5,N.J. 
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WHY APPLETON REELITES No Shut Downs. No Man-Hours Lost!... 
ARE BETTER 


Power When and Where You Want It! 


APPLETON Reelites speed up production . . . with safety . . . because 
they pay out and retrieve power lines for moving machinery . . . 
eliminating tangled lines and broken or smashed lines. 


In heavy industry, though moving power is important . . . tangled or 
broken power lines remain a constant source of trouble. In light 
manufacturing, moving power can be the main factor in achieving 
“automation.” No matter what your power or capacity requirements 
are, there is an APPLETON Reelite to do a constant, trouble-free job 
year in and year out. Write for details today . . . you'll be glad you did! 
cost amtan ante iasachy to coy Sold Exclusively Through Selected Wholesalers 

rated current. 


@ Brushes (B) are set in a floating tension 
assembly to maintain alignment and con- 
stant pressure. 


@ Grease-packed ball bearings and spring 
housing require no maintenance. 





APPLETON ELECTRIC COMPANY 
WAM elit me basal Gt idelel Mm RC Pem LIT Tal-d 


Also Manufacturers of: 


—— =) ry ’ 

4 tgnts 4 7 

ng J 
Malleable 


Iron Unilet “ST” Series 
Fittings Connectors 












Outlet 


Explosion Boxes 


Proof 
Fixtures 






Rely on APPLETON... The Standard for Better Wiring 
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has this time delay relay 
aroused such interest? 








@ May be ENERGIZED CONTINUOUSLY .. . does not 
require auxiliary lock-in circuits . . . a load car- 
rier in itself 


SNAP-ACTION contact speed . . . up to DOUBLE- 
POLE, DouBLE-THROW switching. 

SIMPLE HERMETICALLY-SEALED time element. . . 
long life stability. Not subject to aging or fatigue. 


Low Cost as a unit; even lower considering sim- 
plified installation. 


The NAME .. . Silic-O-Netic Time Delay Relay 
... MEANING: SILICone controlled, magNETIC 
flux variation. 


@ It’s New ... the Type “A” Silic-O-Netic Relay 
is a vastly improved model. 


STRAIGHT FACTS 


1 


Time Delays .. . from 


4 to 120 seconds. 


Small size . . . Overall dimensions: 
26" x 2” x 1%" ... Weight 3 ozs 






Operation Hydraulic-magnetic principle 
providing positive contact operation, good 
contact pressure 


Write for Bulletin T-5002 


Talila meal -l-14aia 7 3 amp. at 120 volts, 
AC (Non-inductive load D.P.D.1 


HEINEMANN 





ELECTRIC COMPANY 


99 Plum St., Trenton 2, N. J. 
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(Navy) for Type E and Type EE, 
respectively. 

Special strandings and wall thick- 
nesses, available on special order, in- 
clude multi-conductor and _ coaxial 
cable. Special constructions include 
shielding of Teflon-impregnated glass 
fiber braids. Hitemp Wires, Inc., 26 
Windsor Ave., Mineola, L. I., N. Y. 

Circle No. 37, Reader Inquiry rvice Cards 
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INTEGRAL MOTORS TOTALLY 
ENCLOSED AND FAN-COOLED 


Available is a rerated totally enclosed 
fan-cooled motor line with ratings from 
7% to 100 hp. Illustrated is a 50 hp 
TEFC model, typical of the series. Fea- 





‘ 


‘six-layer insulation” for 
the stator windings, a ventilating fan 
providing the same efficiency of cooling 
in either direction; and rib-type cast- 
iron frame construction. Century Elec- 
tric Co., 1806 Pine St., St. Louis 3, Mo. 
Circle No. 38, Reader Inquiry Service Cards 
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AXIAL-LEAD, VITREOUS- 
ENAMELED RESISTORS 


Small, power-type resistors with axial 
leads, are wire-wound units with steatite 
cores and a special-formula, vitreous- 
enamel coating. The resistance wire and 
terminal lead are both welded to the 
end cap, assuring permanently stable 





electrical connections. All parts—core, 
resistance wire, vitreous-enamel coating, 
and terminal bands—are thermally bal- 
anced, so as to expand and contract 
as a unit. 

The resistors are available in a range 
of sizes and wattage ratings, with the 
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- KLOZURE* OIL SEALS 


a protect the pitch bearings 
on Piasecki’s 







yY | 


> newest 


om 


* helicopters 


In designing the pitch bearing assembly of the new H-21 
cargo and troop transport helicopter, Piasecki engineers 
needed a dependable oil seal which would protect the 
needle bearings in this assembly under the most severe 
flight conditions ... at temperatures ranging from 
— 65°F. to +160°F. 

After exhaustive tests, Piasecki engineers selected our 





for : ‘ ‘ ; a ; 

ae finger spring Kiozure Model 53 with silicone sealing 

ing element and felt washer. This superior oil seal gave 

ast- positive bearing protection under all operating condi- 

= tions—dust and contaminants were sealed out, the lu- 

0. . . 
bricant was sealed in, 
. Let us show you how Garlock Kiozurgs can solve 
| your sealing problems. There’s a proven KLozure model 

for every bearing application. For complete information, 
contact the Garlock office nearest you or write for 
KtozurE Catalog 10. 

xial 

a THE GARLOCK PACKING COMPANY, PALMYRA, N. Y. 

pus- Sales Offices and Warehouses: Baltimore « Birmingham e Boston e Buffalo « Chicago 

ond Cincinnati e Cleveland « Denver ¢ Detroit e Houston e Los Angeles e New Orleans e New 

an York City ¢ Palmyra(N.Y.) ¢ Philadelphia ¢ Pittsburgh e Portland (Oregon) e Salt Lake 

the City ¢ San Francisco e St. Louis e Seattle ¢ Spokane ¢ Tulsa, 

ible In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 

a KLOZURE Finger Spring Model 53 with 

— silicone sealing element and felt washer. 

' 


ore, 





| ie ~ 
ing, ic ee 
aa | WXOXG 
=a RAM NGssss Cosy 
i ici. 

e sn 
- Complete rotor hub assembly for H-21 heli- Pitch housing assembly cut-away to Installation of Model 53 KLOZURE Oil 
the copter showing 3 pitch housing assemblies. show pitch shaft and bearing assembly. Seal on the pitch shaft needle bearing. 
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intricate control 
2 desks... 


- 








or 
simple 
transformer 


fanks «ececee 


ELECTRICAL ENCLOSURES 


CUSTOM BUILT 


aa, /.1,09 L401) 


Whether Your Needs Are for Only One Unit or Thousands— 
If you Require an Intricate Control Desk or Large Quantities 
of Simple Assemblies—Send Your Problem to Kirk & Blum. 


Exceptional fabricating experience and facilities . . . that’s 
why KIRK & BLUM offers you exceptional service in fabri- 
cating electrical enclosures. There’s no limit on size, quantity, 
shape or intricacy. We build, to your exacting specifications, 
parts and assemblies of sheet steel, light plate, stainless, 
aluminum, monel and other alloys in gauges to %”. 


Over 47 years of experience guarantee you complete satis- 
faction. 


Write for your copy of the latest KIRK & BLUM Electrical 
Enclosures Booklet. For prompt quotation, send your prints 
to The KIRK & BLUM MFG. CO., 3122 Forrer Street, 
Cincinnati 9, Ohio. 


Control Desks 
Instrument Panels 
Electrical Enclosures 
Control Panels—Cubicles 
Outdoor Electrical Enclosures 
Transformer Tanks, Test Stands 
Switch Gear Housings, Louvres 


We Bring Your Prints to Life 


KIRK“ Lum 


PAETAL FABRICATION 
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smallest resistor only 14 in. diam x 
1%» in. long overall; rating is 3 watts. 


Two sizes, rated at 5 and 10 watts, are 
carried in stock in a wide range of re- 
sistance values. Ohmite Manufacturing 
Co., 3678 Howard St., Skokie, II. 

rcle No. 39, Reader ry Ser 


SENSITIVE LIMIT SWITCH 
FOR APPLIANCES 


Trip point of limit switch repeats within 
a 0.010 tolerance; movement differential 
is less than 0.060. UL-approved for 3 
amp, 125 volts a-c or d-c, the switch is 
useful in such small appliances as sew- 
ing machines, office machinery, and 
other devices that must operate on a-c 
or d-c. 


Special mountings can be sup- 
plied. 


Appliance Switch Div., Pass & 
Seymour, Inc., Syracuse, N. Y. 
rcle No. 40, Reader ry Ser 


eatr 


HIGH-TEMPERATURE 
WORK SOLENOID 


D-c high temperature work solenoids in 
either single or double coil models, said 
to meet aircraft and missile standards, 
provide trouble-free operation under 
ambient temperatures up to 600 F. and 
in some instances up to 750 F, depend- 
ing upon the application. Available are 





a variety of sizes in both pull and push 
types for valve operations or other ap- 
plications requiring long life under se- 
vere operating conditions. 

Illustrated is Model 1212. a single-coil 
push type for aircraft valve applica- 
tions, rated at 24 volts d-c for continuous 
duty. Minimum pull available at the 
beginning of the stroke is 2 lb at 3 amp, 
550 F, and 18 volts d-c. Stroke is 0.1 in. 

Weighing 11.2 0z, Model 1212 is 2% 
in. in overall length and 21x in. in diam 
at the mounting flange. Solenoids of all 
configurations for special applications, 
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annouxese @ NEW eyciem 
of electrical inculatio 


...Micaceoue Materiale 
Bonded with 
Epoxy Resing 


MICO, as a result of extensive research, 
now offers the first epoxy-bonded mica- 
ceous insulating materials. These products 
make available a new, superior system of 
electrical insulation for generators, motors, 
transformers and many other applications. 


The new materials are epoxy-bonded 
Isomica®: 100% pure mica in machine- 
made continuous form, impregnated with 
special epoxy resins. They are available 
right now in segment plate, molding plate, 
flexible plate, tapes and tubes. 


In epoxy IsoMICA, resins thermoset by 
addition polymerization upon application 
of heat. Curing may therefore be accom- 
plished more quickly and with lower 
pressures. Uncured materials may be 
stored for extended periods without de- 
terioration. 

LAMICOID ¢ 


(Laminated Plastic) « MICANITE 


Properly processed, the insulation system 
will provide the following advantages: 


1. Good dielectric strength, power 
factor and resistance to arc tracking. 


2. Void free. Improved thermal con- 
ductivity. 


3. May be supplied in flexible form 
and cured in application. 


4. Excellent resistance to thermal 
cycling. 


5. Excellent adhesion to copper and 
other metals. 


6. Non-corrosive to metals. 


7. Outstanding mechanical strength 
and excellent resistance to chemi- 
cals, oils and moisture. 


® (Built-up Mica) + EMPIRE © (Coated Fabrics and Papers) « FABRICATED MICA 
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And because the resins are synthetic, the 
supply of these materials is not dependent 
on foreign sources. 


If you’d like complete information on 
how these exciting new products can help 
you improve the performance of your 
products and lower costs, drop us a line. 
A MICO Sales Engineer will be glad to 
call and discuss your application with you. 





® 


MICA INSULATOR 
COMPANY 


Schenectady 1, New York 
Offices in Principal Cities 


In Canada—Micanite Canada, Lid., 
Granby, Quebec 


e SOMICA @ 
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CATALOG 
of 


the Weel Toughest Trumafprmcnn 


These are just a few of the popular types of trans- 
formers for military, new equipment, general replace- 
ment, control and power circuit applications listed in 
CHICAGO’S new Catalog . . . over 500 transformers, 
with complete physical and electrical specifications 
on each unit. 


And more important—they are all in stock for quick 
delivery from your local cH1caGo distributor. 


Write Now FOR YOUR FREE COPY 
OF THIS VALUABLE REFERENCE. 


Ask for Catalog CT-554 





3501 ADDISON STREET e CHICAGO 18, ILLINOIS EXPORT SALES: 
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Roburn Agencies, Inc., 
431 Greenwich Street, 
New York 13, N. Y. 








including miniature models, are being 
developed to specific customer require- 
ments. Carruthers & Fernandez, Inc., 
1501 Colarado Ave., Santa Monica, 
Calif. 


> No. 41, Reader Inquiry Service Cards 
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| REGULATED D-C POWER 


SUPPLY UNIT 


| Designed specifically for computer and 


similar equipment requiring close volt- 
age regulation is a lightweight, regulated 
d-c power supply unit, known as the 


| Sel-Rex Reactronic. 


Features include: automatic voltage 
regulation with magnetic amplifier con- 
trol; static regulation + 1 per cent from 


we ew 
“Deel 


cana, ttihs h.einetapacectptetinten sth tt inmate 


no load to full load; and a ripple voltage 
limitation of 1 volt peak to peak. Equip- 
ped with selenium rectifiers, the power 
supply units are available in from 4 to 
300 volt capacities, at all current values 
from 1 amp. Bart-Messing Corp., 229 
Main St., Belleville, N.J. 

e No. 42, Reader Inquiry 


HERMETIC ELAPSED-TIME IN- 
DICATOR FOR MILITARY 
EQUIPMENT 

Up to 10,000 hr of operation are indi- 
cated on dial-type face of Model 7008 
Running Time Meter. Indicator weighs 
less than 6 oz and has a power drain 
of approximately 2 watts. Hermetically 
sealed in accordance with Specification 





MIL-I-7793 (AER), it is said to meet 
military shock (25 g) and vibration re- 
quirements. 

Unit is 11% in. in diam x 234 in. long, 
and mounts either behind or in front 
of the mounting panel with screws 
through the four 0.140-in.-diam mount- 
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“|CAPACITOR NMOTOR* 


that offers the low-cost and ruggedness of a shaded pole motor, 
plus the excellent torque characteristics of a distributed, wound 


capacitor motor. a, 
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APPLICATIONS: Direct Drive Blowers for Re- 


frigeration, Heating and Air Moving Equipment, 





indi- | 
7008 
eighs 
drain 
ically 
sation 


Vending Machines and many other applications. 


We invite you to consider Fasco Permanent Split 
Capacitor Motors for your present and future re- 
quirements. Tell us what they are, and we’ll be 


glad to send you complete specifications. 


" 
P 
A 
*AV 
ee 
1 2et ay fi 

- a 9th Exposition—aAir Conditioning F A 

on && and Refrigeration Industry 





ATLANTIC CITY 
long, : November 28th to December 1st N D aa Ss T F i E Ss 9 i N Cc Ss 
front inclusive ROCHESTER 2: NEW YCGRE 
crews | i ; me 2 
nount- | hes ito 4 
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RHEOSTATS 


Finest power rheo 
stots. UL approved, 
interchangeable 
25 wott 50 watt, 
75 watt 100 wott 

150 wott. Large 
stock for ready 
shipment or to your 
porticular need 
Engineering service 


\TRU:OHM 


Abe ite) th 
ENAMELED 


RESISTORS 


The worlds lorges! 
producers of wire 
wound resistors 
hove the piste 
tion faci res to 

UARANTEE best 
ee 
quality el 
stock or to your 








available 













specifications 
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Sub-Miniature 
PILOT LIGHTS 


A great aid 
to miniaturization 









All units applicable to 
Mil Specifications 


Ag 
PLASTIC 
PLATE 
LIGHT 
ASSEMBLIES 
A) No. TT-51; No. TT-SIA with No. 327 


lamp. For ‘edge lighting. Red or 
other color filters, black top. 


B) No. 8-3730-111; for Mil-7788 panels. 
C) No. 4-1930; light shield. 
D) No. 8-1830-111; non-dimming. 
£) No. 11-1930-111; mechanical dimmer. 
No. 3-1930-111; polaroid dimmer. 
All assemblies accommodate midget 
flanged base lamps like this one 
(actual size); easily replaced. Available 
for voltages of 1.3, 2.7, 6, 14, and 28. 
Any assembly available complete with lamp. 


SAMPLES ON REQUEST — NO CHARGE 
Write for Catalogue L-153 





LIGHT SHIELD SUB-MINIATURE 
ASSEMBLY INDICATOR LIGHTS 


(All illustrations are approx. actual size.) 





Foremost Manufacturer of Pilot Lights 


DIALIGHT 


CORPORATION 


60 STEWART AVE. « BROOKLYN 37, N.Y. 
HYACINTH 7-7600 
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ing holes. Electrical connections are 
from the back through  solder-type 
glass-to-metal sealed terminals. Con- 
centric hands, as in a clock, permit 
reading to better than 10-hr accuracy, 
The indicator is also available with 
external pointer which can be set to 
show operational hours before next 
overhaul, thus automatically scheduling 
component replacement from known 
life expectancy data. Haydon Manufac- 
turing Co., 2531 East Elm St., Torring. 
ton, Conn. 
No. 43, Read 


GOLD-BONDED 
GERMANIUM DIODES 


New types of gold-bonded germanium 
diodes are designed to _ standard 
RETMA specifications. Typical is types 
T9 with a forward current of over 100 
ma at 1 volt, with 5 megohms inverse 
resistance at —10 volts. Peak operating 


currents of over 300 ma are realistic 
for this diode. Other diodes, such as the 
T5, have ‘inverse resistances greater 
than 1 megohm at —100 volts. Suitable 
for computer, military and commercial 
applications, the diodes are designed 
to MIL-E-1B specifications. Transitron 
Electronic Corp., Melrose 76, Mass. 


rcle No. 44, Re Ger inquiry 
preceding back 


HERMETIC MIDGET TUBE 
SOCKET AND SHIELD 
Hermetically sealed 8-pin subminiature 
tube socket, SM-810, extends only 14 
in. above and 14 in. below the chassis 
on which it is mounted. The eight ter- 





minals extend 14 in. below the body 
of the socket, which has a %e6 in. max 
diam. Unit allows sealing of components 
for high altitude or other uses, and tube 
replacement without breaking the seal. 
Sealed chambers may be pressurized, 
evacuated, or filled with silicone oil or 
inert gas. 
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are | 2 «8 . s 2 = 6 
e aldes Truarc Retaining Rings Eliminate Machining— 
on- 
mi © F “ 
| Provide Str 
ith | ae otronger ASSempiy, Ureater ACCUracy 
to . ? 
ext 
ing | 
wn 
7 Knob Sub Assembly 
ing- 
| 
| The American Hardware Corp., New Britain, Conn., Truarc Beveled Ring 
ium uses 4 different types of Waldes Truarc Retaining (Series 5002) couples the 
lard Rings in the original design of these famous Corbin knob to the knob shank. 
ail and Russwin Heavy Duty Cylindrical Locks. Truarce It eliminates two tapped holes 
ppes | rings improve product performance, eliminate and two screws, provides stronger assembly and greater 
100 rejects, and cut labor costs. accuracy. Beveled ring takes up end play rigidly. 
erse | 
ting 
Spindle Sub Pane 
Spindle sub assembly “A” has 
istic two Waldes Truarc crescent 
; the rings (Series 5103) used as 
rater locating flanges for rollback. locki ba 
| This saves labor and maintenance, Knob unlocking mec yeni 
able improves performance and accuracy, uses one Truarc E-ring 
rcial eliminates rejects. Spindle sub a Sebuacieoeee 
wpe . retainer an i ri 
ened quently . Se (Series 5108) for retaining the cylinder plug. 
t | Qs a spring retainer and asa = : § 
itron lest dheuhiav tte ember Rings are re-usable in the event of dis- 
ss, : assembly for maintenance. Rejects are eliminated. 
Whatever you make, there’s a Waldes Truarc Retain- different sizes within a type...5 metal specifications 
ing Ring designed to improve your product...to save and 14different finishes. Truarc rings are available from 
you material, machining and labor costs. They're quick 90 stocking points throughout the U.S.A. and Canada. 
and easy to assemble and disassemble, and they do a More than 30 engineering-minded factory represent- 
ature better job of holding parts together. Truarc rings are atives and 700 field men are available to you on call. 
y % precision engineered and precision made, quality con- Send us your blueprints today...let our Truare engi- 
naan trolled from raw material to finished ring. neers help you solve design, assembly and production 
t ter- 


36 functionally different types...as many as 97 


problems... without obligation. 


For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 





Talla arte ila: ff s—~<S”S”S™:™—:CFNOOO 
: v | Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C.1,N.Y. 
4 W ALDES | Please send the new supplement No. 1 which | 
oe | brings Truarc Catalog RR 9-52 up to date. | 
a | (Please print) | 
| a a l 
—— | Tie ee | 
body ZF ? | OI is as : i 
max 
oe : Business Address. .iccccx oconsecenmnon sch cme 
| - RET AINING RINGS | Cire ee Saar | | 
seal. ey 


has cms sem ceemese comm enene comm cen Mn GRMNED GEENNED GEODIGD GEEDEED GENNGED NEES GOEEED GENNEED MEE WEED eNO 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2, 491, 310; 2, '509, 081; 
| 2,544, 631; 2,546,616; 2,547,263; 2,558,704; 2, 574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries. 
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"EM 
ROLLING! 


It’s good to know you can habit, insisting on constant 


always depend upon Kester __ solder alloy control and con- 
Flux-Core Solder to keep pro- 
duction rolling. That’s be- 
cause Kester makes solder 


sistent flux formulae. When 
you want dependable solder 
and soldering, Kester Solder is 


quality a never-swerving the right name to remember! 






BE SURE YOU GET Kester’s 78-Page In- 
formative Textbook “SOLDER . .. Its Fun- 
damentals and Usage.” 


Newark 5, New Jersey * Brantford, Canada 
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KESTER SOLDER 


ee O M PA NY 4209 Wrightwood Avenue, Chicago 39, Illinois 


One-piece aluminum shields, desig. 
nated No. SM-811, screw onto the 
sockets. Shields may be ordered totally 
enclosed or ventilated with a hole at 
the top. 

Other features of the socket include: 
10,000-megohm minimum insulation re- 
sistance; beryllium copper contact; 
heat-treated and heavy silver-plated 
sleeves: and an internal moisture seal 
effected with rubber. Tem- 
perature range, from —65 to 200 C. Liv. 
Electronic Corp., Livingston, 


silicone 


ingston 
a 
No. 45, Reader Inquiry Service Cards 


BALL-BEARING, DUAL- 
VOLTAGE, SINGLE-PHASE 
MOTORS 

Single-phase fractional-horsepower mo- 
tors with ball bearings and dual-voltage 
windings are useful for driving air con- 
ditioning and refrigeration equipment, 





compressors, oil burners and other units. 
Motors are offered in 44, 4% and 34 hp, 
and 1200, 1800 and 3600 rpm ratings, 
for 115- or 230-volt, 60-cycle power sup- 


fans, pumps and blowers, as well as on | 


plies. 

All motors are equipped with ball 
bearings and have aluminum-injection 
molded, one-piece squirrel cage rotors, 
dynamically balanced for vibration-free 


operation. Stator has a high efficiency | 

core of laminations precision-punched 
irom high-grade electrical sheet steel. | | 
ACEC Electric Corp., 40 E. 49th St, | 1 
New York 17, N.Y. é 
No. 46, Reader Inquiry Service Cards . 
preceding back cover es 


WIRE STRIPPER 


Improved hand-type stripper, the Strip- 
features 60 per cent 


master, more 
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CUT CORES 
ee) 7 
SQUARE 

Rise ET 


RANGE OF MATERIALS 

Depending upon the specific 
properties required by the applica- 
tion, Arnold Tape-Wound Cores 
are available made of DELTAMAX 
... 4-79 MO-PERMALLOY ... 
SUPERMALLOY . . . MUMETAL 
... 4750 ELECTRICAL METAL... 
and SILECTRON. 


RANGE OF SIZES 


Practically any size Tape-Wound 
Core can be supplied, from a frac- 
tion of a gram to several hundred 
pounds in weight. Toroidal cores 
are made in twenty-seven standard 
sizes with protective nylon cases. 
Special sizes of toroidal cores—and 
all cut cores, square or rectangular 
cores—are manufactured to meet 
your individual requirements. 


anything You May Need in 
PE-WOUND CORES 


RANGE OF TYPES 


In most of the magnetic materials 
named, Arnold Tape-Wound Cores 
are ———- in the following 
standard tape thicknesses: .012”, 
.004”, .002”, .001”; .0005”, or 


.00025”, as required.‘ 


For complete details, write for Bul- 
letins TC-101A and SC-107. 











. 


Let us help with your core prob- 
lems for Pulse and Power Trans- 
formers, 3-Phase Transformers, 
Magnetic Amplifiers, Current 
Transformers, Wide-Band Trans- 
formers, Non-Linear Retard Coils, 
Reactors, etc. 


ADDRESS DEPT. EM-59 


waD 5465 
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BRASS AND ALUMINUM NUTS 





Price, quality, delivery, technical assistance . . . any way you look at it 


- + » you can count on complete satisfaction if you specify “Fischer 
Turned” brass and aluminum nuts. 


Standard or “specials”, Fischer turned nuts cost no more than those 
produced by other, less accurate methods, yet each is burrless . . . tapped 
square with the face to Class 2 tolerances . . . 

cleaned and degreased . . . countersunk 


. itl, | 
on both sides. <—" ©} 
a ( \ 
wt f \ 
Write today for complete catalog. i en >) +: 
_ 4 


SPECIAL MFG. CO. 
421 Morgan St. «+ Cincinnati 6, Ohio 





strength through new I-beam-type han. 
dels and greater holding power in jaws, 
Faster stripping is claimed through a 
special “automatic” single-squeeze op. 
eration. Light squeeze of the handles 
strips wire clean and bare up to full % 
in. When the handles are released and 
the stripped wire removed, the jaws 
snap back into position, ready for the 
next cut. There is said to be no nicking, 
cutting or fraying of wires. A variety of 
sizes and types of wires can be stripped, 
Ideal Industries, Inc., Sycamore, Ill. 
rcle No. 47, Reader Inquir ervi irds 


eceding [ 


WITH THREE TYPES OF 
TERMINALS 


Suitable for air conditioning, refrigera- 
tion, fan motors, and similar units, a- 
drawn oval capacitors are available for 
236, 330 and 440 volts, 60 cycles. All 





sizes are made in seamless cases. with 
the tops being joined to cases by a dou- 
ble-rolled seam; no solder is used. 

Cases are filled with chlorinated Di- 
phenol resin, a nonflammable impreg- 
nant with high dielectric qualities, sta- 
bility and long life. even at high operat- 
ing temperatures. 

Capacitors feature three types of \er- 
minals; quick-connect type. the eyelet 
and fork types, each available for con- 
ventional or barrier type terminal 
mounting. Two types of mounting brac- 
kets are offered: Type A, footed; type 
B. wrap-around. The Potter Company, 
1950 Sheridan Road, North Chicago, Ill. 

ircle No. 48, Re Yquir j 


SELENIUM POWER RECTIFIERS 


Line of selenium power rectifiers are 
especially suitable for magnetic ampli- 
fiers, electrostatic air cleaners, radia- 
tion detection equipment and for guided 
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DRAWN OVAL CAPACITORS 
( 
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OW... TAKE AC POWER 
ANYWHERE A VEHICLE CAN GO! 


vera- 
5, a-C 
e for 


. All 





| MO- BIL- AC* driven by vehicle engine, 


(mobile a-c power supply) 


supplies up to 10 KW at 110-220 volts . . . 
takes little space 


Designed by Star-Kimble to meet the need for a compact, portable 
source of AC at commercial voltage and frequency, MO-BIL-AC 


with 


oe drives a-c powered tools, pumps, compressors, hoists and 

. similar equipment in the field... wherever a self-propelled 

d Di- | vehicle can go. 

lpreg- | 

: < An outstanding feature of MO-BIL-AC is its low size-weight to 
perat- power output ratio. To achieve it, a 2-pole alternator is excited 
al by a compact, lightweight regulator with a selenium rectifier and 
a magnetic amplifier working off the alternator output. 

ae | This unique S-K development also insures excellent transient 
Lae: response: upon application of full load, voltage recovers in one 

: type second or less. Speed of prime mover is not critical because 

ipany, regulator keeps output voltage proportional to output frequency. 


ie - Thus, standard motors may be operated over a wide 


frequency range without overheating. 


MO-BIL-AC is available in 3, 5 and 10 KW ratings, 60 cps, 
single and polyphase, any commercial voltage. 














TERS 
rs are | Write or phone for full descriptive literature. 
ampli- *Trade Mark 
radia- applied for 
euided 
Ss Kimbl 
| ta _°=a ore @ motor division 
MIEHLE PRINTING PRESS & MFG. CO. 
206 Bloomfield Avenue Bloomfield, New Jersey 
Bloomfield 2-8160 
TURING 
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wii 1 | missiles, as well as for laboratory and 


test purposes. 

Cells range in size from 1 in. square 
to 5 in. x 6 in. With convection cooling 
| they are rated from 0.180 to 10.0 amp 
per cell on a single-phase full-wave 
bridge basis. Bolt, bracket, stud or eye- 
| let construction is available. 
| | Feature of the rectifier is “solid 
| stack” assembly in which all mounted 


om re) r re) 4 parts are under constant pressure pro- 
vided by end springs. Spacer washers 


| oF m wan Makes TTT Ty easy as | are solid, nonresilient and finished flat 
' 
f 










high-pressure contact. This feature pro- 


to close tolerances to insure total-area, 


| tain rigidity, cells 4 in. x 4 in. and over 
| are made with square mounting holes 
and are mounted on square tubing. 

e . | Union Switch & Signal, Div. of Westing. 
one basic design house Air Brake Co., 1789 Braddock 


Ave., Pittsburgh 18, Pa. 


| €) only 2” in diameter | | circle No. 49, Reader Inquiry Service Cards 





three frequencies...60,400 
| and variable 


i Here is one basic motor design incorporating the top-quality 

‘ engineering fhat's ‘‘standard'’ at EAD .. . and capable of MERCURY SWITCH 
modifications for an unusually broad field of applications. You 
can order this 2” diameter motor (maximum weight is only 17 
ounces) as an induction motor or a hysteresis-synchronous motor. cury switch, weight of armature and 
It meets applicable MIL specifications and is available with Class movable contacts are supported by an 
“H"’ insulation for long life, high temperature operation. Just 
one more example of how EAD engineering meets the most ex- 
acting requirements for rotating electrical equipment. 


In a new magnetically actuated mer- 


electrically conductive bearing. Spring 
is used for return purposes only. Con- 
tacts, moved in or out of the mercury 


vides rigidity and eliminates radial 
movement or chipping the seal. To re- 


INDUCTION MOTOR: For blowers, fans, automatic devices, 

business machines, control equipment, antenna drives, etc. 

| HP | RPM | AMPS | MODEL 

60 cycle, 115 volts | 1/100 | 3,000 | 0.30 | P52QDU) 

T4400 | 7,200 0.30 | P52QFU 

400 cycle | 1/50 | 7,000 | 0.40 | PS5S2NFU 
| 


























115 volts 1/30 | 6,200 | 0.80 | ps2uFU 
1/50 | 22,000 | 075 | psonbu 


1/300 | 4,500 av.| 0.00 | P52UFU 
1/50 4,000 0.80 | P5S2NEU 













320- 1200 cycle 


variable frequency 































HYSTERESIS-SYNCHRONOUS: For timing devices; stroboscopic 
work; wherever load inertia is a problem (i.e. recorders, turn- 
tables, facsimile equipment, etc.) 





Complete infor- 
mation on EAD's 
line of small mo- 
tors and engi- 
neering - design 
service will be 
sent on request. 














by a moving magnet, or an electromag: 
netic field, operate up to 60 times per 
sec. Rated at 15 volts 0.5 amp a-c, or 
0.25 amp d-c. Dimensions: ¥% in. diam 
| x 2% in. long. Suitable for liquid level 
| controls, weight-measuring equipment, 





KASTERN _ALIR DEVICES. 10 


| 
| 
| 








SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD ae : ; 
bee cgi oy <4 wey ipa | temperature limit devices, revolution 
be att @ %) He (pat, ie ee ©) | counters and coin-operated units, among 
Si Le (7 es ~A AE ' 
— uy ~ = others. Hamlin, Inc., 1316 Sherman 
INDUCTION MOTORS CENTRIFUGAL BLOWERS TACHOMETER GENERATORS FANS ‘ ALTERNATORS GEAR MOTORS | 

| Ave., Evanston, II. 
ii acintecresereetiitn és o ctw on i , 


No. 50, Reader Inquiry Service Cards 


ecedaing DaCcK cover 


383 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE 
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TURING 


How Indiana-designed 
Permanent Magnets 


made a loud-speaker lighter 
.. a nuclear resonance research unit 
more powerful / 


Here are two case histories showing interesting 
and somewhat unusual applications of Indiana 
Permanent Magnets . . one tells the story of a tiny 
1/10 ounce magnet, the other the story of a mas- 
sive 2 ton magnet. 

Each application called for creative and imag- 
inative thinking . . the same kind of original 
engineering and design thinking that is an im- 
portant part of every Indiana Permanent Magnet. 

Because Indiana Steel Products Company be- 
lieves so strongly in the vital importance of creative 


1/10-OUNCE PERMANENT MAGNET . . This head- 
phone set, which includes a loud-speaker only 
13/16” in diameter, is used with secretarial 
transcribing machines, group-hearing systems, 
for hotel and hospital radios, in beauty salons, 
dental offices, broadcasting studios, airports, etc. 

The headset had to be light, which called for 
an exceptionally light permanent magnet of high 
energy. Level or sound quality could not be 
sacrificed. The manufacturer working with In- 
diana design engineers used Hyflux Alnico V. 
Result: Indiana Permanent Magnets that weigh 
only 1/10 ounce. 


THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 
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and originative magnet design, it maintains the 
world’s largest engineering staff devoted solely to 
the design and application of permanent magnets. 

This specialized service is available to original 
equipment manufacturers. Indiana engineers, with 
more than 45 years experience in designing per- 
manent magnets for some 40,000 applications, 
will welcome the opportunity to work with you 
in the development of your permanent magnet 
designs. Write for detailed information and a copy 
of Engineering Design Manual B-9. 


Y2-TON PERMANENT MAGNET. . Here is one of 
the world’s largest permanent magnet assem- 
blies. Used in nuclear resonance research, it 
centains over 1,000 pounds of Indiana Hyfiux 
Alnico V, and produces a magnetic field of 
6,750 gausses in the air gap. 

It provides an extremely stable field. Critical 
controls, necessary with electromagnets, are not 
required. No heat is generated to effect critical 
conditions . . . and being a permanent magnet, 
its power won’t fail during an experiment. 
Indiana engineers designed this giant assembly 
to customer’s exact requirements. 





4 a) 9 a A | A FREE SUBSCRIPTIONI 


Write for your subscriptien to 
TT CLL eee 

monthly publication carrying 
helpful, practical information 

about permanent magnets and 
coal A G a] 3 fs % their application to industrial 
and consumer products. Please 
write on company letterhead. 
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on the go with Plenco... 


Whether for airport lighting equipment or high tensile 
strength tool components, you'll find phenolic plastics 
playing an increasingly important role. More and more, 
modern industry is using high quality phenolic plastics . . . 
and more and more users are turning to Plenco. 


Plenco today is an integral part of the Plastics Industry. 
Plenco’s great experience, plus its ‘‘on the go”’ policy 

of research, testing and special services have made it 
instrumental in developing better manufacturing methods— 
reducing production costs. 


There is a Plenco phenolic plastic to meet your production 
problem. If you are a manufacturer or a molder 
“on the go,” you will find it worthwhile to contact Plenco. 


SHELL MOLDING CUTS COSTS!.. 


Whatever you are now molding in 
sand—whether it’s aluminum 
aviation parts or iron skillets—it 
can be produced faster and at 
lower cost by shell molding with 
Plenco phenolic shell molding 
resins. For better cast products 
investigate Plenco shell molding 
‘resins—today. 


PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 








MINIATURE SENSITIVE RELAY 


Sensitive relay that can be adjusted over 
a wide range occupies only 14g in. x 
1%s2 in. x 114 in. of space. Weight is 114 
oz in an SPDT contact arrangement. 
Designated Type SO, the unit is factory. 
set to operate on 10 milliwatts. It can be 





adjusted down to 2 milliwatts or any 
desired pick-up or drop-out by means of 
fine screw contacts. A balanced arma- 
ture provides sensitive operation. 

Life expectancy is 250,000 operations 
at a contact rating of 1.5 amp. Vibration 
resistance: 20 g at 10-55 cycles, 5 g at 
10-500 cycles. Shock resistance: 10 g, 
All contacts are above ground; flexible 
pigtail connections are eliminated. 
Three standard coil resistances are 
available: 4000, 6500. and 10,000 ohms. 
Maximum allowable coil rating is 3 
watts. Temperature range is —55 to 85 
C. Units are available in open types, 
dust-tight, or hermetically sealed enclo- 
sures. Advance Electric & Relay Co., 
2435 N. Naomi St.. Burbank, Calif. 

No. 51, Reader quir ervice r 


TWO-PIECE ROD ENDS 


Available in both male and_ female 
types, spherical bearing rod ends fea- 
ture two-piece construction with the 
lubrication fitting an integral part of 


- 
Py 
7 
4 
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es 





Female Type Male Type 


the rod end member. Bore sizes range 
from 1g in. through 114 in. In manu- 
facture, the forged outer member is 
swaged around a precision steel ball to 
give an inseparable assembly with high 


* SEPTEMBER 1955 ELECTRICAL MANUFACTURING 


eS —_——- 


| 
| 


over | 
n. x 
ll, 
lent. 
ory- 
n be 
4 
any 
is of 
rma- 
ions 
ition 
g at 
0g 
‘ible | 
ated, | 
are 
hms. 
is 8 a 
0 85 
ypes, 
nelo- 
re 
if. 7 
| 
male 
fea- 
the 
‘t of 


e/ 


‘ange 
vanu- 
er is 
all to 
high 


nine 


resistance to vibration and impact 
loading. Conformity of housing to ball 
results in high-load-carrying capacity ; 
design permits a wide angle of mis- 
alignment. Designated the Spherco, the 
rod ends are offered in three series: air- 
craft, standard, and commercial, differ- 
ing only in tolerances and materials of 
construction. Spherical Bearing Corp., 
405 Woodend Rd., Stratford, Conn. 
Circle No. 52, Reader Inquiry Ser 


SHAFT SEAL 


Effective shaft sealing in absolute mini- 
mum space (both radial and axial) un- 
der extreme operating conditions of 
temperature, pressure and seal face sur- 
face speed is provided by the “HH 
Type” shaft seal. Factors creating this 
flexibility and performance include a 
variable pressure balance feature and a 
special method of incorporating syn- 
thetic rubber, silicone, Teflon and Kel-F. 

The shaft seals employ a wave spring 
to maintain axial pressure loading on 
the synthetic resilient internal parts and 


to the rotating seal joint, whether or 
not liquid or gas pressures exist at the 
seal. 

When liquid or gas pressures are to 
be sealed, the internal seal parts are 
designed to utilize only that portion of 
the pressure which, when added to the 
spring load. will provide the total axial 
force required to maintain an effective 
seal without overloading the seal joint. 

Cutaway view and cross-section draw- 
ing of Type HH-A Shaft Seal (left in 
illustration) show pressure balance 
where fluid pressure is applied external- 
ly. Illustration, of Type HH-B (at 
right), shows pressure balance when 
fluid pressure is applied internally. Gits 
Bros. Mfg. Co., 1866 S. Kilbourn Ave., 
Chicago 32. Il. 

No. 53, Reader Inquiry Service 


EPOXY-TYPE FOR METALS 
ADHESIVE 


One-component epoxy-type metal ad- 
hesive is used to bond various materials 
such as ceramics and glass to metal, and 
metal to metal. Designated Bonding 
Agent R-385, it is supplied in paste 
form ready to use. Only pressure needed 
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Another up-to-date product gets... 
TALKING POINTS 
and SAVINGS 


wth DUREZ PHENOLICS 







These materials offer you a fruitful ap- 
proach to savings on the production 
line as well as buyer benefits for your 
products. Either result is profitable . . 
both are doubly so. 

For example, a major part of finish- 
ing cost on this new Peirce Magnetic 
Belt Dictation unit was saved by using 
Durez for the five-piece molded case 
and dial panel. The desired color and 
quality of finish is applied by a low- 
cost process that would have been 
impossible on metal parts. Being self- 
insulating, the material prevents shorts 
in units. In two belt drum parts it also 
contributes to constant signal output 
needed for distortion-free recording. 


MOLDING COMPOUNDS. Structur- 
al, electrical, and chemical prop- 
erties in many combinations. 


BACK COVER 


PHENOLIC 


PLASTICS 


that 
Fit the Job 


Courtesy Peirce Dictation Systems Corp. 


Ease in maintaining rigid dimensional 
tolerances and ability to mold-in slots, 
holes, and threaded inserts also helped 
to hold cost down. 

Whether or not you are already us- 
ing plastics, it will pay you to inquire 
into the phenolics today. Call on our 
—— without obligation. 

oO keep abreast of new develop- 
ments in this field, let us send you our 
“Plastics News’ each month. 


DUREZ PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 
1309 Walck Road, North Tonawanda, N. Y. 


Export Agents: Omni Products Corporation, 
464 Fourth Avenue, New York 16, N. Y. 


RESINS FOR INDUSTRY. Bonding, 


Casting, coating, laminating, im- 
pregnating, and shell molding 
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send for the 
most widely used 
Electronic Supply Guide 


VR Te 


COMPLETE 324-PAGE 


eT eal 


your buying guide to the world’s largest stocks 
of ELECTRONIC SUPPLIES FOR INDUSTRY 


beeen TT) 


a2 








We specialize in Here’s how to simplify and speed the purchasing of all your 
Electroni electronic supplies and equipment: send your orders to ALLIED 
the reliable one-supply-source for all your electronic needs. 
Equipment Supply We make fastest shipment from the world’s largest stocks of 
for Research, electron tubes (all types and makes), transistors, test instru- 
Development, ments, audio equipment, electronic parts (transformers, capaci- 
Maintenance tors, controls, etc.), and accessories —everything for industrial 
and Production and communications application. Our expert Industrial supply 
Operations service saves you time, effort and money. Send today for your 
3 FREE copy of the 1956 ALLIED Catalog—the complete Buying 
COMPLETE EXPERT Guide to the world’s largest stocks of quality Electronic Sup- 
INDUSTRIAL SERVICE plies for Industrial and Broadcast use. 
ae ALLIED RADIO 
— source 100 N. Western Ave., Dept. 47-J-5 
-at nrg Chicago 80, Illinois hth 


| a 143 
b = . = SE) 


Add Up the Savings with N 
PAPER TUBE PRODUCTS 





Lower 
Unit Cost 


ey Fe 
es 


Quicker 
Application 
OT cecal 
Available in Large 
or Small Quantities 


to meet 
your requirements 





It’s easy to see why so many manufacturers find NIEMAND BROS. PAPER 
TUBE PRODUCTS so practical. Diameters — .093” to 2” and up. Materials 
— high dielectric kraft, fish paper, foils, special protective coated and 
laminated papers. Printed or plain. 

Precision drawn paper cups from .141" — 2” dia. Die cut washers and 
custom parts. 


Further Information on Request 


NIEMAND BROS., INC. 


Srrwnlsh in Paper Tube Preetucts fer Cleclrioal plratrrws 
37-05 Thirty-Fifth Avenue + Long Isiand City 1, N. Y. 
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is enough to hold the parts togethe; 
during the baking operation. 

Physical properties include: specific 
gravity, 1.18; compression strength, 18. 
000 psi; and shear strength, 3,500 psi 
(room temperature) and 1800 psi (at 
180 F). Temperature resistance ranges 
from —60 to 500 W. Color is black. 

Compound is cured by baking one 
hour at 325 F. No preassembly drying 
or precure is needed. After it is cured, 
it will stand temperatures up to 500 F 
for long periods of time, and higher 
temperatures for short periods. R-385 is 
chemically inert to acids, alkalies and 
salt water. Carl H. Biggs Co., Inc., 2255 
Barry Ave., Los Angeles 64, Calif. 

No. 54, f f f er > 


MINIATURE FHP MOTOR 
OVERLOAD SWITCH 


Fractional-horsepower motor thermal 
overload switch is designed for protec- 
tion against overload current as well as 
frame overheating. Unit is all metal: 
when mounted on the motor frame it 
picks up heat by conduction. The metal 
case also provides complete shielding 
against r-f interference. Voltage drop 
is slight because heating element has 
low resistance. The bimetallic heater 





operates contacts by snap action. Ther- 
mal cutout is factory-set for 225 to 325 
KF, depending on requirements and op- 
erates independently of heater current 
Units are self-resetting. 

Maximum switch rating is 30 volts 
d-c, 10 amp: 115 volts a-c, 5 amp 
Minimum opening time: 15 sec. Case 
dimensions: 1°42 in. length; 142 in 
width; ‘40 in. height. An uncased 
switch can be mounted inside the motor 
by means of special brackets. Nader 
Manufacturing Co., 2661 Myrtle Ave., 
Monrovia, Calif. 

No. 55, F 


TRACING PAPER WITH 

“DISAPPEARING” GRID LINES 
Now available in rolls, drawing and 
tracing paper is printed with light-blue 
cross-section rulings that completely 
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‘| Use GENERAL PLATE Composite Contacts to cut costs, 


tighten Your Products Future 


© * e e 
her increase production, and provide reliable performance 
320 
| 
- e General Plate’s ‘know how’”’ in the production of Composite Contact Ma- 
terials can indeed brighten your products’ future. By having General 
Plate fabricate your complete contact assemblies, you will save money, 


rent 


volts 





un time, and trouble . . . eliminate needless equipment cost and problems of 
) é . . 
“ie scrap disposal... and have at your disposal contacts and contact assemblies 
Ua st °c . s . . . 
S made to exact specifications shipped to you ready for installation when 
a you want them. 
ased - ° . + + 
a Or, you may prefer to fabricate your own assemblies. General Plate Com- 
si posite Contact Materials — available in overlay, edgelay, top-lay and inlay 
oo strips — make it possible for you to produce complete contact assemblies 
to close tolerances by simple blanking and forming operations. 
Ie ce aaa ake banal cas eae a GENERAL PLATE ELECTRICAL CONTACT 
n either case, comparison of the final costs of properly designed Com- KITS FOR LABORATORY AND 
posite Contact Assemblies fabricated from General Plate Composite Con- DEVELOPMENT USE 
tact Materials against costs of similar assemblies produced by older meth- Kit K11 contains a wide assortment of silver 
ods of brazing, welding, staking, or spinning will reveal the resultant prance y-acthaplbostalge ripe gn wed 
: < a 5 “ standard button contacts. Also included are 
economies and fabricating ease available to you. composite metal strips for fabrication of con- 
Write for complete information and catalog PR700 which describes ——- These kits ore available ot sominal 
~ . . ~ + ~ . cost. 
JES ! General Plate Composite Contacts and other General Plate Composite 
‘ - (AA ORRIN IETS SRE SE LT EL ET III, 
Metals. 
and METALS & CONTROLS CORPORATION You can profit by using 
blue GENERAL PLATE DIVISION General Plate Camposite Metals! 
tely 49 FOREST STREET, ATTLEBORO, MASS. SS SR RR IN ORRIN SO SC OSA 
RING | READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 245 











how \WMESLS AC Solenoids 
solve a precision 


problem for H NC 


FOOD MACHINERY 


AND CHEMICAL 
CORPORATION 





With split-second precision, the Food Machinery Corporation’s 
amazing labor-saving Pallet Loader stacks as many as 8,160 
fully loaded beverage cases in a single eight hour shift. Its 
operation is completely automatic—human hands touch only 
the starter button. 

For FMC engineers, the key to precision was WESCo AC 
Solenoids. Hour after hour—as often as 20 times per minute 
—the WesCo solenoids dependably actuate retractable case- 
holder plates which “catch” each beverage case after it has 
been elevated into stacking position. 


ANSWER YOUR AC SOLENOID PROBLEM by writing on your com- 
pany letterhead for our new AC catalog. Its engineering and 
design drawings, performance charts, temperature and work 
curves and other data will make it easy for you to select the 
right WesCo solenoid for your job. Write today. Also available: 
New DC solenoid catalog. 


AC OR DC SOLENOIDS 





The trademark on over 
6,000,000 solenoids since 1927. 


WEST COAST ELECTRICAL MFG. CORP. 


233 WEST 116th PLACE * AC DIV. 105° LOS ANGELES 61, CALIFORNIA ¢ Pleasant 5-1138 
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disappear on direct print reproductions 
and blueprints. 

Using the printed grid as a guide, 
scale drawings can be accurately made. 
and freehand lettering applied, without 
need for penciled guide lines or mechan. 
ical scaling aids. Reproductions of the 
original drawings are said to be sharp, 
clean and free from cross-section rul. 
ings. Pencil and ink lines can _ be 
erased repeatedly without ghosting, 
Applications include use for wiring 
diagrams, schematic drawings, parts de- 
signs, and related applications. 

Available in 20, 50 and 100-yd rolls, 
with widths from 24 to 42 in., the paper 
is supplied in 16 and 20-lb stock with 
grid lines printed 8 x 8 or 10 x 10 to 
the inch (inch lines heavy). In addition 
to rolls, fade-out paper is also available 
in sheets up to 42 in. width, and in 8% 
x 1] in. pads. Clearprint Paper Co,, 
Dept. N4, 1482—67th St., Emeryville, 
Calif. 

No. 56, Ré 


ir 


VARIABLE TRANSFORMERS 


Two new models of Adjust-A-Volt vari- 
able transformers include Model 
500BU, an uncased unit for back of 
panel mounting. The second, Model 
500B. a cased unit for laboratory and 
industrial applications, has an_ ex- 
tractor type fuse. jeweled pilot light, 
output receptacle cord, and a plug and 
on-off switch. Nameplate is recessed 
and flush with the surface. Both models 
feature new or improved designs, in- 
cluding a hand-fitting knob and a three- 
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screw-arrangement tor mounting the 
coil to the base to reduce breakage. 
Molded, die-cast base is reinforced and 
so designed as to provide internal 
mounting dimensions if required. 

The molded barrier type terminal 
board allows for screwed connections 
without danger of short-circuiting. Units 
incorporate the pre-adjusted brush as- 
sembly used on previous models. 

Type 500BU has a shaft that can be 
loosened with a single screw without 
upsetting adjustment between rotor 
brush and commutator surface. Stand- 
ard stock models can be used for spe- 
cial shaft length applications without 
cutting the shaft. 500BU has a tap 
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TORKRITE TUBING 


in foreground, enlarged to show 
detail. 





DO YOU HAVE 
TORQUE PROBLEMS? 


More and more electronic engineers 
are specifying this newly designed, 
internally threaded, embossed 


tubing. 


Torkrite permits use of lower torque 
as it is completely free of stripping 


pressure. 


With Torkrite, torque does not 
increase after winding. The heavier 
wall acts to prevent collapse and 


core bind. 





Investigate this outstanding 


coil form! 


* * * 
Write for your copy of 
the latest 
Clevelite brochure. 


t *& * 
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THE 


CLEVELAND CONTAINER 


6201 BARBERTON AVE. 


CHICAGO « DETROIT « MEMPHIS + PLYMOUTH, WIS. « OGDENSBURG, N.Y. + JAMESBURG, NJ. + LOS ANGELES 







DEPENDABLE! 


CLEVELITE 


Laminated Paper Base Phenolic Tubing 


is dependable because of its better quality . . . 
proven performance . . . high insulation. . . 
uniformity inherent ability to hold 
close tolerances. 


Also, prompt service and dependable deliveries! 


These many advantages assure you of greater economy. 


WHY PAY MORE! For Good Quality... call CLEVELAND! 


*Reg. U. S. Pat. Off. 





COMPANY 
CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 















ABRASIVE DIVISION at CLEVELAND, OHIO 
Cleveland Container Canada, Ltd., Prescott and Toronto, Ont. 


Representatives: 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. | 
WEW ENGLAND: R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO ; 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 
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Standard 6 stop Intermittor with 
12” dial and optional tool mount- 
ing brackets. 


OVER 150 STANDARD 
MODELS TO CHOOSE FROM: 


NO. OF STATIONS 

A, 6, 8, 12, 16, 24, 36 
DIAL SIZE 

12”, 18”, 24”, 30”, 36”, 48 
INDEXING TIME 

Ya, Vs, V2, % of cycle 


Every engineer should have a 
copy of Catalog No. 300 which 
gives load ratings and all di- 
mensions of more than 150 
standard Intermittors. Send for 
your file copy today... 
no obligation. 














COMPLETE CATALOG 





























Standard 12 stop In- 
termittor with speci- 
ally jig-bored 36” dial. 


HIGH SPEED INDEX TABLES FOR 
LARGE VOLUME PRODUCTION 


Up to 30,000 Pieces per Hour with 
The FERGUSON INTERMITTOR! 


The new standard Ferguson Intermittor isa 
must for operations such as machining, 
joining, forming, staking, piercing, assem- 
bling, testing and inspection that require 
a combination of high speeds, long dwell 
or work time, and smooth indexing. 


There is a standard Intermittor for almost 
every application, offering a choice of 
stops, dial size, degree of movement; and 
a table for either extreme precision or high 
torque usage. Seldom do you have so much 
selection in a line of standard production 
machinery... with all of the benefits of 
standardization PLUS many of the advan- 
tages of custom designs! The Intermittor 
operates at speeds far greater than those 
possible with other types of index tables. 
The special acceleration characteristics of 
the FERGUSON ROLLER GEAR DRIVE 
insure smooth starting and stopping with 
little shock and vibration, at speeds up to 
500 indexes per minute. 


Save design time, simplify tooling, im- 
prove product quality and cut main- 
tenance costs to rock bottom with the 
new Ferguson Intermittor...the ‘‘Pack- 
aged” precision index table for high 
speed production. 


WRITE FOR CATALOG NO. 300 


FERGUSON MACHINE & TOOL CO., INC. 


ROLLER GEAR DIVISION, DEPT. EI-9 P. O. BOX 5841, ST. LOUIS 21, MO. 








| wired to the terminal board to provide 


6 volts for a pilot light when the unit 
is panel-mounted. 

Both 500B and 500BU units have an 
input voltage of 115 volts; maximum 
load rating, 1.0 kva; output voltage, 
0-115 and 0-135 volts; maximum output 
7.5 amp. Standard Electrical Products 
Co., 2250 E. Third St., Dayton, Ohio. 

rcle No. 57, Reader Inquir ervice rd 


edin 


POWER RESISTOR HAS 


| BUILT-IN MOUNTINGS 


New 20-watt miniature power resistor, 
the Ministrip, has been added to the 
Stripohm line. Their strip 
shape, low mounting brackets and ar- 
rangement of terminals makes for space- 
saving and ease of assembly in com- 
pactly built electronic and other equip- 
ment. 

Each resistor has an oval-shaped ce- 
ramic core of smooth continuous surface 
(with no sharp edges to injure the re- 
sistance winding). High-quality alloy 


resistor 





resistance wire with low-temperature 
coefficient of resistivity is wound on the 
core and silver-brazed to tightly banded 
tab terminals (No. 235). 

Both wire and band are sealed by 
Vitrohm vitreous enamel. Nonremovable 
solid brass brackets extend through the 
core forming a convenient method of 
mounting. Multiple stacking is made 
possible by use of *40° in. washers. 

The resistors are conservatively rated 
at 20 watts based on 300 C rise. Stock 
resistance values to 50,000 ohm max: 
tolerance, +5 per cent. Ward Leonard 
Electric Co., 115 S. MacQuesten Park- 
way, Mount Vernon, N. Y. 

ircle No. 58, Reader Inquiry 


MIDGET LATCHING RELAY 
HAS —65 TO 125 C RANGE 


Magnetically held and electrically re- 
set, midget latching relay is hermetic- 
ally sealed in an enclosure only 1 in. 
in diam x 1%6 in. long (excluding 
terminals). Weight of the 
double throw type is 3.3 oz. Available 
in 2, 4 and 6-pole double-throw contact 
arrangements, relay is designed to com- 


six-pole, 
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TRY SOLVING YOUR 


TOUGHEST PROBLEMS 
WITH 









iture 
1 the 
nded ae . : 
Thousands of engineers have found that facture. We can fabricate parts to your own 
1 by “TEFLON” has what it takes to solve some really specifications or supply you with “TEFLON” in 
= tough problems in the electronics and electrical the form of rods, sheets, tubes or tape. For fur- 
l 1€ ‘ ar _ o oe > Tv >t ava « ~ ‘i e ° 
ge manufacturing fields. They have also found ther information, write today. 
sale R/M, with its unmatched skill, experience and e a 
;. facilities, a tremendous help in solving those PROPERTIES OF “TEFLON 
‘ated problems. For R/M has been working with this High dielectric strength + Moisture absorp- 
tock plastic ever since it first was produced. If you tion zero * Unaffected by weather + Excellent 
nax,; / eye oO ° . 
ee have a problem the chances are good that R/M heat stability up to 500°F. in continuous 
Park. has encountered it and already worked out a operation °* As tape leaves no carbon residue 
solution. along discharge path * High impact resist- 
The several different products pictured above ance * Nonadhesive * Stretches easily + Tensile 
indicate R/M’s versatility in “TEFLON” manu- strength 1500-2500 psi. 
*Du Pont’s trade-mark for its tetrafluoroethylene resin 
Y | 
a RAY BESTOS-MANHATTAN, INC 
ae 
y re- a > 
retic- 
— ASBESTOS TEXTILE DIVISION, MANHEIM, PA. 
ding FACTORIES: Manheim, Pa. « Bridgeport, Conn. ¢ No. Charleston, S.C. © Passaic, N.J. 
pole, Neenah, Wis. ¢ Crawfordsville, Ind. ¢ Peterborough, Ontario, Canada 
lable RAYBESTOS-MANHATTAN, INC., Asbestos Textiles * Packings * Brake Linings * Brake Blocks « Cluich 
ntact Facings * Fan Belts * Radiator Hose * Rubber Covered Equipment « Industrial Rubber, Engineered 
com- Plastic, and Sintered Metal Products * Abrasive and Diamond Wheels + Bowling Balls 
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- An Alcoa ~ 


: Aluminun .: 
Fastener : 
: should be : 


- used here }- 


It’s an aluminum chair assembly, 
worth the lasting strength of Alcoa® 
Aluminum Fasteners. You avoid gal- 
vanic and atmospheric corrosion. You 
get perfect color match; you get the 
very highest quality product. Your local 
Alcoa distributor has a complete stock. 

P. S. 


suggest an aluminum machine screw, 


For this chair assembly, we 


washer and nut from Alcoa’s 
complete line of alumi- 


num fasteners. 


eet @eeeeeeeesesee8 


e Aluminum Company of America " 
2241-J Alcoa Building, Pittsburgh 19, Pa. 
Gentlemen: 


Please send complete specification data 
and samples of your aluminum fasteners. 


nome 


company 


oddress 


Always Fasten Aluminun 
with Alcoa 
. Aluminum Fasteners - 


e 
on 
. 
- 
o 
. 
. 
. 
o 
title si i ® 
* 
. 
. 
eo 
* 
e 
a 
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MIL-R-5757B MIL-R- 


and 


with 
25018 (USAF). It is suitable for con- 
tinuous duty (either coil). Temperature 


ply 


range: —65 to 125 C. Relay can with- 
stand a shock of 50 g. 

The 
position indefinitely without consuming 
power. As an overload relay, it can be 


device remains in energized 


electrically reset from a remote posi- 
tion. 
circuit and opened by another circuit. 
With many applications in fail-safe cir- 
cuits, it is suitable for use in airborne 
and other equipment. Filtors, Inc.. 36 
Sagamore Hill Dr., Port Washington, 
Ms 
No. 59, R« 


Contacts can be closed by one 


1-HP VARIABLE-SPEED DRIVE 

Compact design of No. 100 Series Vari- 
Speed Motodrive results in a 20 per cent 
saving in space over the previous de- 


sign. The 1-hp variable-speed unit 
occupies a maximum space of only 


16%6 in. x 21% in. x 111% in. in vertical 
model. 
100 


speed-changing 


Series combines a weatherized 
mechanism, 


and a rugged heat-treated helical gear 


motor, a 


E 
E 
E 
5 





speed reducer, where required, into one 
compact package. 

Unit is available in speed ranges from 
2:1 through 8:1 and can be obtained in 
any one of 112 different assemblies to 
meet space requirements. One feature 
is a spiral groove lubrication system 
that assures complete coverage of lubri- 


cant over all sliding surfaces. A special 





Silicone 


rubber parts 





produced 


bo i a, 


IF Ar 









STALWART 


...can be the 
answer to your 


rubber 7 
parts » a>» — 


problems 


a 


involving 
extreme 


temperatures 


up to 500°F 


down to- 120°F = 
wule tiday 

ask for 
bulletin 


No. 
51SR-1] 








TALWART 


RUBBER COMPANY 


Mfg. Plants in Bedford, Ohio and Jasper, Georgia 
197 Northfield Road e Bedford, Ohio 
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‘BLUE RIBBON )) CSG Gym 


a) 









Designed primarily for use in 
equipment where space is a factor. 






Today a number one choice in military equipment. 


Design engineers preferred choice in commercial application. 


BLUE RIBBON—EXCLUSIVE FEATURES: BASIC CHARACTERISTICS: 


1 " High temperature vitreous enamel coating. 1 « Higher wattage rating per unit space require- 
crazeless, moisture resistant. ment. 


2. Aluminum thru-bar—distributes heat more 


uniformly along the entire length of the re- 2. Space reduction behind panel or mounting 


sistor. surface. 
3. Mounting studs—corrosion and rust resist- 3. Stack mounting assembly. 
ant. 


Bracket assembly will not loosen under vi- « Light weight. 


bration. 


Y 


Field tested welded construction. 
a. Wire to Terminal 
b. Terminal to Core 


4 
5. Lower induction. 
G 


« Conforms to MIL-R-26 specifications. 





HARDWICK, HINDLE, INC. The mark 


Rheostats and Resistors 
40 Hermon St., Newark 5, N. J., U.S. A. For more than a quarter of a century 


of quality 
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Fast, accurate 


VOLTAGE 


MEASUREMENTS 


10 cps to 700 MC 


Hewlett-Packard, leader in electronic test instruments, offers 3 precision 
vacuum tube voltmeters that provide coverage for almost all voltage meas- 
uring needs. Together these three instruments cover frequencies 10 eps to 
700 MC, and measure voltages from 0.1 millivolts to 300 volts. Each has 
high sensitivity, wide range, simple operation and broadest usefulness in 
research or production testing. Construction is sturdy and of highest 
quality. Accessories extend voltage range to 30 kilovolts and make possible 
measurements from 1 microampere to 3 amperes. 





ELECTRONIC TEST 
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INSTRUMENTS 


NEW! -hp- 400AB Vacuum Tube Voltmeter 


Here is a new precision instrument for general ac 
measurements that can be the most useful equip- 
ment on your bench. -hp- 400AB covers frequencies 
from 10 eps to 600 KC, and measures voltages from 
0.3 mv to 300 v. Accuracy is +2% from 20 eps to 
100 KC. A high input impedance of 10 megohms 
with 25 uf shunt insures that circuits under test are 
not disturbed. Readings are direct in volts or dbm. 
$200.00 


-hp- 400D Vacuum Tube Voltmeter 
This instrument's frequency coverage is 10 cps to 4 
MC, voltage range 0.1 mv to 300 v. New amplifier 
circuit provides 56 db of feedback (mid-range) for 
highest stability. Input impedance is 10 megohms to 
prevent disturbance to circuits under test. Readings 
are direct in dbm. Condensers are sealed or long-life 
electrolytic. $225.00 


-hp- 410B Vacuum Tube Voltmeter 


Industry's standard for vhf-uhf voltage measure- 
ments. Wide frequency range of 20 eps to 700 MC; 
response flat within 1 db full range. Diode probe 
places 1.5 pyf capacity across circuit under test. This 
plus 10 megohms input impedance assures circuits 
are not disturbed. Combines ac with de voltmeter 
(100 megohms impedance) and olimmeter measur- 
ing 0.2 ohms to 500 megohms. $245.00 


GET COMPLETE INFORMATION TODAY 


(ooo nnn nnn nee 
| HEWLETT-PACKARD COMPANY 

| 3346E Page Mill Road, Palo Alto, California 

| PLEASE SEND INFORMATION ON [| 400AB (| 400D [) 410B 
| 

| Name 

| 

| Company 

: Street i 
! City Zone State 





overflow outlet carries excess lubricant 
away from disk faces and V-belt. 
“All-position” handwheel control jis 
standard, but mechanical automatic and 
electric remote controls also are avail- 
able. Reeves Pulley Co., Columbus. 


Ind. 


e No. 60, Reader 


edir 


PULSE TRANSFORMER KIT 

Five laboratory-type pulse transform. 
ers, contained in a development kit, 
were especially chosen to cover a wide 
range of practical applications, with 
primary inductance values from 0.5 mh 
to 50 mh, and turns ratios as high as 





8:1. Each miniature transformer has 
multiple windings. permitting the selec- 
tion of characteristics best suited to a 
given application, including push-pull 
driving, blocking oscillator, pulse gat- 


ing, pulse amplifier, and impedance- 


matching circuits. Sprague Electric 
Co., 307 Marshall St., North Adams. 
Mass. 

No. 61, | 


SILICONE IMPREGNATING 
VARNISH HAS IMPROVED 
PHYSICAL PROPERTIES 
TO 250 C 


New type of silicone impregnating var- 
nish possesses greatly improved physi- 
cal properties at temperatures up to 
250 C, including improved bonding 
strength and overall toughness. The 
resin will cure at 150 C as rapidly 
as conventional silicone varnishes cure 
at 250 . 
good penetration into electrical equip- 
ment and shows much less weight loss 


Its low viscosity provides 


than conventional varnishes when tested 
at 250 C, 
Designated SR-60 
the resin is useful for impregnating and 
bonding such electrical equipment as 
stator and armature coils, aircraft gen- 
erators, dry-type 


silicone varnish. 


transformers, and 
glass asbestos served wire. 
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Let G-M supply the right motor to 

fit your system! By specializing in servo 
motors—not systems—G-M can offer you a 
broader range of sizes and characteristics. 
You choose from all the standard sizes .. . 





plus standard sizes specially modified to meet 
specific circuit requirements. Or, request a 
G-M tailor-made servo motor with the cor- 
rect combination of impedance, voltage and 
other values to meet your exact circuit re- 
quirements. You get the right motor—right 
on time—when youspecify G-M Servo Motors! 


© SERVO MOTORS « MOTOR GENERATORS « SYNCHRONOUS-HYSTERESIS MOTORS % HI ih f |’ \ rT i 0 Ch | A 
sh. 


nd ufactured by the Compon 


Write for literature and information! Use G-M charts and 
specifications to select the best values for the control G-M LABORATORIES INC. 


nd phase of your servo motor. Whether you are designing 4338 N. Knox Avenue ¢ Chicago 41 
7 a new system, or seeking better performance in an exist- ~<a 
ing system, let G-M help. 


NG | READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 253 
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SPE SEALITY 


KLEIN 


Quality Pliers 






DESIGNED 


FOR THE ELECTRICAL INDUSTRY 


Now, Klein quality pliers are 
available in new compact pat- 
terns for precision wiring and cut- 
ting in confined space. Note, too, 
the replaceable leaf spring that 
keeps the plier in open position, 


LONG NOSE PLIER 
307-5-Yal —Extremely 
slim pattern ideal for 
the really tight spots. 
Jaws are knurled to in- 
sure a positive grip. 






















CHAIN NOSE PLIER 
317-5L—A full inch 
smaller than standard 
pattern. Has a very fine 
knurl that will not dam- 
age soft wire. Also 


evailable with- 
out knurl. é 
fo 
TRANSVERSE END 
CUTTING PLIER 
204-6— Useful in pre- 
cision work where or- 
dinary oblique or end 


cutters are too bulky. 
Gives a clean, flush cut. 





This Klein Pocket Tool 
Guide gives full infor- 
mationonalltypesand | 
sizes of Klein Pliers. | 
A copy will be sent 
without obligation. 


“Since 1857" 


Mathias 


Established 1857 


PAT aS ea 





254 





ready for work. All are hammer 
forged fromhigh-gradetoolsteel, 
individually fitted, tempered, 
adjusted and tested—made by 
plier specialists with a reputa- 
tion for quality “‘since 1857.” 


OBLIQUE CUTTING 
PLIER — 210-51 — For 
cutting small wires or 
trimming plastic. Entire 
length of cutting knives 
works flush against cut- 
ting surface. 5 


or 6-inch sizes. AA 
@ 
A 


Ly 












LIGHTWEIGHT 
OBLIQUE CUTTING 
PLIER 209-5—Smaller 
than 210-5L with an ex- 
tremely narrow head. 
Entire length of cutting 
knives works flush 


against cutting surface. fy 


NEEDLE-NOSE 


PLIER 203-6-spci— 
Specially designed to 
reach into confined 
spaces. Tip of nose 
only 1/16 in. di- 
ameter. Nose of plier 
tempered to prevent 
distortion. Leaf Vig. 


spring keeps plier Af 
Vi] 


open, ready for use. 

Also available / 

without spring. 7 / 
/ 





i ASK YOUR SUPPLIER 


Foreign Distributor: 
International Standard 
Electric Corp., 


& Sons 


3 


ROAD * CHICAGO 45, ILLINOIS 


cure at lower temperatures makes it 
| suitable for Class B equipment (130 € 


SR-60 permits such improvements in 


| tection when applied atop motor and 
| transformer coils. and also to allow con- 







SR-60 resin has been designed for 
application on Class H equipment (180 
C hottest spot), although its ability to 


hottest spot). On Class B equipment 


performance as additional thermal pro- 


tinuous operation of this equipment at 
hottest spot temperatures of at least 25 
to 30 deg above normal limits for Class 
B insulating materials. Silicon Products 
Dept., General Electric Co., Waterford, 
nN. 2. 

No. 62, F 


PARTS FEEDER 


Larger, heavier parts may now be po- 
sitioned as required and fed automatic- 
ally to packaging and processing ma- 
chines by Model EB-2-B_ Vibratory 
Parts Feeder. Model is equipped with 


a 30-in.-diam fabricated bowl actuated 


reciprocating 
motor. It will move odd shaped parts 


by an electromagnetic 





(up to 4 in. long) up and around the 
spiral track or ramp to the single, 
double or multiple discharge points. 
Speed at which the parts are dis- 
charged can be regulated by adjusting 
a rheostat in the feeder’s controller— 
| either increasing or decreasing the 
amplitude of vibration. 
Operation of the standard unit is 
110-60 cycles; it can also be ordered 


for 220-60 or 440-60 volt operation. 
Syntron Co., 490 Lexington  Ave.. 
| Homer City, Pa. 


No. 63, Reads nquiry Service ( 


nrecedir 
pre i 


PRECUT SHAPES FOR 
PRINTED-CIRCUIT MASTER 
LAYOUTS 


New method of “drawing” master lay- 
outs for printed circuits uses self-stick- 


ing terminal circles and connector strips 
made of precut pieces of photographic 


© SEPTEMBER 1955 ELECTRICAL MANUFACTURING 
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The “NEW PLANT” Edition 


of The 


~ WILCO BLUE BOOK 


We of the H. A.Wilson Company feel it is fitting to 
designate this latest edition of our comprehensive 


Engineering Handbook on Wilco Materials as the 
New Plant Edition. 


Our new plant, with its acres of floor space, con- 
tains the most modern research, engineering, and 
production equipment in the industry. It reflects 
the success of 40 years of cooperative service to 
American industry, dating from the early days of 
the first World War, when the H. A. Wilson Com- 


The most complete reference manual ever compiled on Thermometals, 
Electrical Contacts, Composite Metals, and Special Purpose Alloys 


pany produced the first American-made thermo- 
static bimetal. 


Likewise the Wilco Blue Book offers the greatest 
possible service and saving of time to the engi- 
neers who specify materials to manufacturers of 
precision equipment, in the automotive, aircraft, 
electrical, and other industries. Qualified personnel 
may obtain 2 copy free by writing on their com- 
pany letterhead. For advice on specific problems, 
ask for Wilco Engineering Service. 








SIE move cs 


RESISTANCE METER 





TT TX, 


~ ; 
3 eX 
~< 


MEGOHMS 


DIRECT READING FROM O 
OHMS TO 10,000,000 
MEGOHMS 


@ 3 TEST VOLTAGES: 12, 50, 500 VOLTS 
@ ACCURATE WITHIN 3% TO 1,000,000 MEGOHMS 


@ PRE-SETTABLE “CHARGE ADJUST” CONTROL FOR RAPID 
GO, NO-GO CAPACITOR CHECKING $200 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 


Industrial Instruments Division 
P. O. BOX 13058 2831 POST OAK ROAD HOUSTON 19, TEXAS 


219-55 








a 
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tape especially suited for photographic 
reproduction. Both terminal circles and 
connector stripes are furnished on dis- 
penser cards. Terminal circles have ID 
circles for drill centering on produc- 
tion-line printed-circuit assembly. Con- 
nector strips can be pressed in place 
straight or curved to conform to design. 
The  self-sticking terminal circles 
range from 14 to 11 in. OD. Connector 
strips are stocked in widths of 46, Y, 
and 14 in. W. H. Brady Co., 727 W. 
Glendale Ave., Milwaukee 12, Wis. 
No. 64, Reace er 


MINIATURE TOGGLE SWITCH 


Special beryllium copper spring mech- 
anism in miniature toggle switch, 
Model A3-8, provides smooth operation 
and a positive snap-action in either di- 
rection. Actuator shell is made of stain- 
less steel, providing protection against 
corrosion. 

Two miniature basic switches, en- 
cased in the actuator provide a double- 
pole, double-throw circuit arrangement. 
Switch is also available in a momen- 
tary contact model. Electrical life is 
100,000 cycles min. Switch is approxi- 
mately 7 in. long and % in. thick. 
Electrical ratings: 125-250 volts a-e, 
5 amp: 30 volts d-c, 4 amp resistive: 
and 30 volts d-c, 2.5 amp inductive. 
Electro-Snap Switch & Manufacturing 
Co., 4218 W. Lake St., Chicago 24, III. 

No. 65, Reader |r ry Service Card 


AUTOMATIC TERMINAL 
INSERTING MACHINE FOR 
PRINTED-CIRCUIT 
APPLICATIONS 


Automatic Inserting Machine simultane- 
ously inserts up to 40 or more self- 
retaining pin terminals or contacts in 
any symmetrical or non-symmetrical 
pattern into a printed circuit board 
within a 3-sec cycle. 

Entire inserting operation is auto- 
matic. Terminal pins or contacts in 
chain form are fed from two reels simul- 
taneously through the cut-off and feed- 
ing mechanism, and dropped into the 
printed circuit board. The second stage 
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this die casting 


u 
had a'deadiine .--. 
@ To Meet A Tight Schedule, We Had To Produce This Casting In Volume—Fast! 


From drawing board to final polishing, this Revere projector 
housing was a race against the clock. It had to be ready in time to 
meet a “rush” production schedule—and it was. We can beat 
deadlines for you, too, if necessary. Whatever type of die castings 
you need—small or large, simple or intricate—count on Stewart 
to meet your most rigid,specifications ... on time. 


SERVICES AVAILABLE .. 


Designing ¢ Engineering * Die Making 
Metallurgical Control « Most Modern Die Casting Equipment * Complete 
Machining, Polishing and Assembly Facilities. 

45 years of helping industry to “Make It Better” 


eS a 






ms, 
: /DIE CASTING ...@ division of 
WARNER) 


CHICAGO, ILLINOIS, 4535 FULLERTON AVENUE © BRIDGEPORT, CONNECTICUT, 275 WARREN STREET 
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need a finish | 
ome hy yh 


TA eer moa DTT Ls IRIDITE 


You can solve any problem of non-ferrous finishing . . . 
maximum corrosion protection . . . sparkling clear or colored 
decorative finishes, firm and, lasting base for paint . . . with 
these two words—“‘specify Iridite’’. For example— 


© ON ZINC AND CADMIUM you can get highly corrosion re- 
sistant finishes to meet any military or civilian specifica- 
tions and ranging in appearance from olive drab through 
sparkling bright and dyed colors. 


a ON CoppPER...Iridite brightens copper, keeps it tarnish- 
free; also lets you drastically cut the cost of copper- 
chrome plating by reducing the need for buffing. 

fs ON ALUMINUM Iridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 


racks. No high temperatures. No long immersion. Process 
in bulk. 


e ON MAGNESIUM Iridite provides a highly protective film 
in deepening shades of brown. No boiling, elaborate 
cleaning or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature by 
dip, brush or spray. No electrolysis. No special equipment. 
No exhausts. No specially trained operators. Single dip for 
basic coatings. Double dip for dye colors. The protective 
Iridite coating is not a superimposed film, cannot flake, 
chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you complete 


data. Write direct or call in your Iridite Field Engineer. He's listed under 
“Plating Supplies” in your classified telephone book. 


ys Nae ad 


INCORPORATED 


4004.06 E MONUMENT STREET e BALTIMORE 5. MD 











of the machine presses the pin termi- 
nals into the board, engaging the pins 
self-retaining snap-in feature. Malco 
Tool and Manufacturing Co., 4025 W. 
Lake St., Chicago 24, III. 

No. 66, F f 


MULTI-HEAD RIVETERS 


Multi-head rivet setting machines, re- 
cently developed, include a four-headed 
machine (shown) that feeds and sets 
four rivets at a time and assembles 475 
units per hr. Another multi-head _riv- 
eter has 12. heads and can feed and 
set as many as 12 rivets simultaneously 
in the same or different planes. 

The automatic riveters consist of sev- 
eral individual basic machines, each 
mounted on a base and equipped for 


r 
i 





air operation. Number of basic heads, 
type of rivets fed and set, and the dis- 
tance between centers and anvil eleva- 
tions are all determined by the par- 
ticular assembly for which they are 
designed; they may be altered. 
Components to be fastened are put in 
a work-holding fixture. Rivets are then 
automatically fed and simultaneously 
set in each cycle. Some units set identical 
rivets, but by changing the feeding parts 
up to 12 rivets of different specifications 
can be set at one time. Tubular Rivet 
& Stud Co., Rinden St, Wollaston 70, 
Mass. 
cle No. 67, Reader Inquiry Service 
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Specify more than 


“satisfaction” 


specify 


LELAND 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








No product is any better than its components 
. ..no motor any better than what went into it 
—in design, materials, in craftsmanship. 


And Leland’s policy has always been to go 
beyond minimum requirements . . . to give you 
the extra value that assures dependability, that 
surpasses mere customer “satisfaction” 


It has meant painstaking, creative design. 
Often the use of finer materials. Always more 
rigorous quality control. But that policy has 
proved successful because users know and 
appreciate the extra value a Leland motor 
offers. 


Look for more than “satisfaction” from the 
motors you specify, buy or use. It costs you 
no more... it does mean a finer, more reliable 
product. 


For more information 

on the extensive line of Leland Motors, 
from 1/6 to 5 hp., write 

THE LELAND ELEctric CoMPANY, Division 
of American Machine & Foundry Company, 
Dayton 1, Ohio. 


In Canada: Levtanp Electric Canada, Ltd., 
Guelph, Ontario 








| 
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Technical 


assistants 


Ser... 


eilectron 


Tubes 


The Electron Tube Laboratory is engaged 
in research and development in 

the fields of direct-viewing storage tubes 
and microwave tubes. The personnel 
comprises men with many years’ 
experience in the field of electron tubes 


and their applications. 


Very new developments in micrewave and display tubes have 
created a number of openings at the research and development 
level for Laboratory Assistants. At Hughes, engineers, scien- 
tists and technicians develop their ideas from inception to quan- 
tity production. Thus, assistants working with electron tube 
products have unlimited scope for applying their talents and 
skills to a wide range of military and commercial uses. 


You should qualify in any 3 of the following areas: 


Electron Circuitry and Test 
Equipment Construction 


Mechanics and Benchwork Skills 
Tube Fabrication Techniques 
High Vacuum Techniques 
Microwave Testing 

Tube Chemistry 


Precision Assembly 








Research and Development Laboratories 


Culver City, Los Angeles County, California 





Laboratory 


Engineering 
Equipment 





VARIABLE FREQUENCY 
MOTOR-GENERATOR SET 


Useful in the laboratory and for other 


applications is a new motor-generator 


set consisting of a 60-cycle, induction 


motor of low slip design driving a 31.25 


kva, 380-420 cycle generator. Frequency 





changes may be accomplished through 
a handcrank adjustment. Speed is 1714 
rpm at 400 cycles. 

Features include a harmonic distor- 
tion of less than 2.9 per cent and fast 


voltage recovery 


(less 


Voltage regulation is 
cent. Unit is available for all voltages 


and also 


Kato Engineering Co.. 


ircle No. 68, Reé 


than 1.3 
within % per 


sec). 


for many special voltages. 


Mankato. Minn. 


DUAL POWER SUPPLY 
COMBINES OUTPUTS 
BY SWITCHING 


Eight outputs are provided by a dual 
power supply offering a switching ar- 


that 


series 


rangement 
puts in 


or 


in 


combines the d-c out- 
thus 


parallel, 
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TURNING "Berylco” Beryllium Copper rod in Swiss screw machines at Molded Insulation Company, Philadelphia, Pa. 


Machining ‘‘Beryico’’ Beryllium Copper 


is a run-of-the-mill operation at this plant 


Beryllium copper has long been 
regarded—by people who have never 
tried it—as a difficult alloy to 
machine. Usually the reverse is true, 
as Molded Insulation Company 
can testify. 


This manufacturer regularly pro- 
duces a wide variety of small 
precision parts from ‘“‘Berylco”’ 
Beryllium Copper. The use of most 
of these parts is classified; many 
are designed to improve electrical 
connectors and communications 
equipment. Drilling, turning and 
cutting are done on Swiss screw 
machines. The parts are also slotted, 
tapped and milled. Standard tools 
and drills are used, and no special 


THE BERYLLIUM CORPORATION 
Dept. 5J * READING 5, PENNA. 


New York « Springfield, Mass. * Rochester, N.Y. ¢ Philadelphia « Pittsburgh « Cleveland 


tool set-up is necessary. Surface 
speeds run 200 fpm—or even higher 
on small diameter stock—and the 
best coolant has been found to be 
a good water-soluble oil. Clogging 
is no problem: in fact, the company 
finds more difficulty with brass and 
bronze in this respect. 


From the beginning, The Beryllium 
Corporation worked closely with 
this producer, conducting special 
hardness and tensile tests and fur- 
nishing material that would run well 
on the Swiss machines. It will be 
glad to work with you, too. Write, 
phone—or, if you prefer, blueprint 
your problem—and let us suggest 
a solution. 


Dayton « Detroit « Chicago * Minneapolis *« Houston « San Francisco * Los Angeles 


Representatives in principal world-trade centers 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








Ed 


MICROSCOPIC inspection. 


TYPICAL PARTS produced from “Berylco” 
rod on Swiss screw machines. 





261 




















































HAGEN 


Cnoeds of 1800 to % RPM 


Single direction — Reversible 


Here is the most powerful, compact synchronous motor for its size. 
Ideal for use in industrial applications that require a motor of over- 
all size that is between the “clock” and fractional horsepower types. 


Hagen Synchronous Motors are precision built throughout. Con- 
struction features a die cast housing, hobbed pinions and gears and 
bronze bearings throughout. Laminated rotor construction produces 
exceptionally high torque. 


Hagen Synchronous Motors are available in five models. Standard 
motors may be mounted in any position. Coils are available for 
24, 115, 230, 440 and 550 volts. Write for complete descriptive 
literature and performance data. 


TIMERS 

HIGHLY DESIRABLE FOR USE IN: fm CrART DRIVES 

Cneegecececenenscccesensnccscsccceccesccccscnceccsscssucsonsscces DISPLAYS 
INSTRUMENTS 


MAIL COUPON TODAY 


HAGEN MANUFACTURING COMPANY, INC. 
Dept. EM-955, Moline, tilinois © Baraboo, Wis. 


( Please send free Bulletin No. 


Hagen Synchronous Motors 


1055 featuring 


NAME AND TITLE 





COMPANY 
ADDRESS 
STATE 


city ZONE 
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| negative of 


| wide on a 
| cathode-ray 





| doubling the voltage or current. Desig- 


nated Model D5-200 C, its outputs con- 
sist of: two for 30-500 volts d-c at 200 
ma; two for 6.3 volts a-c at 10 amp, 
one for d-c series connection; one for 
d-c parallel connection; one each for 
a-c series and parallel connections. All 
outputs are floating; either positive or 


any output may be 


| grounded. Regulation for d-c outputs is 


0.15 per cent for a 10 per cent change 
in line voltage: 75 mv change, no load 


| to full load. Ripple is less than 2 my 


(rms) when full load is applied. Dres- 


| sen-Barnes Corp., 250 N. Vinedo Ave., 


Pasadena 8, Calif. 
No. 69, Re 


LARGE-SCREEN 
OSCILLOSCOPE FEATURES 
40 INPUT CHANNELS 


Large-screen 
vertical line graph 9 in. high x 12 in. 

17-in. cylindrical 
tube. Each vertical line 
terminates in a dot to permit rapid and 


oscilloscope provides a 


face 





accurate readability. Output of each of 
the 40 amplifiers is scanned each 14 
Vertical length of each line in- 
dicates the peak value of the maximum 
a-c input voltage that existed during 
the sec. A calibrated 
graticule is provided in front of the 
tube for reading of 
voltage values and channel identifica- 
tion. 

All equipment and power supplies are 
from 115 
power and are 
mounted in a relay rack 23% in. wide, 


sec. 


previous ‘4 


cathode-ray easy 


self-contained, operate volt 


60-cycle single-phase 
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No. 263 —Femoale Connector 
3 pole 15 amp. 




















: 
No. 26 — Male Plug 
2 pole 15 amp. — Spring Action i 
j 
/ No 72 —Male Plug 
. 3 pole 15 amp. 125 v. — Grounded 
be No. 52R — Male Plug 
et 2 pole 15 omp. — Spring Action 
; eered and produced to YOUR specifications ... 
of | ? Backed by the now-how of an experienced staff...Don’t take chances 
4 , | _ when you are buying Cord Sets ...Rely upon the resources 
4 ee ae es eg CORNISH, famous the world over for Quality and Performance... 
ng be es : SS dae Kd a 
ed ' ° a = 
he i ay yf Hii | 
ol | : ‘ *s ‘ SI - - : | 
ra | Be ett CU a | | 
om @ATLANTA @BOSTON BRIDGEPORT @CHARLOTTE @CHICAGO @CINCINNATI CLEVELAND ea 
lt t @DALLAS DENVER @DETROIT KANSAS CITY @LOS ANGELES @MINNEAPOLIS @PHILADELPHIA 
b, PITTSBURGH @ROCHESTER @ST. LOUIS @SAN FRANCISCO @SEATTLE 
= | Fe : @ Stock carried be. | 
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TERMINATE PRECISION RESISTORS 
Wits SPEED AND RELIABILITY 


resistance wire 
welded to leads 
without stripping 
enamel * 





precision stored-energy welding 

WELDMATIC MODEL 1012 TWEEZER TYPE WELDER 
welds fine wire to leads or tabs while resistor is on winder. 
Enamel stripping and flux contamination eliminated, 

with production time halved. Welded connection 


is very positive, stable, and rugged. 


*Made by Ircal Industries 
b ry ARC 


Cn ° UNI TEK: CO RPOR. A:T.1.0_N 
i ‘ 258 Halstead Avenue * Pasadena 8, California 
WELDMATIC Write for Complete Technical Information 





on Stored Energy Welding 


NEW “PARAFORMED” wouno PAPER TUBES 


with FLAT SIDE WALLS 
JS SMALL ROUNDED 


OUTSIDE 
CORNERS 


bass , +. go 
SQUARE OR a wl 


RECTANGULAR SQUARE INSIDE CORNERS 


For the first time, a paper tube like this—developed and 
perfected by PARAMOUNT after years of research! No 
artificial heat or pressure is used in its manufacture— 
""PARAFORMING” takes place at the time of actual winding. 
No sharp outside edges to cut the wire during winding of 
coils. Has great rigidity and physical strength. Permits coil 
manufacturers to hold much closer tolerances. No need for 
wedges to tighten the winding on the laminated core. 
Coils can be automatically maa ah much faster, too. The 
new “PARAFORMED” tubes are approved and used by 
leading manufacturers. And they cost no more! 


Paramount earcewercore. 


612 LAFAYETTE ST., FORT WAYNE 2, IND. 
Standard of the Coil Winding Industry for Over 20 Years 


DO YOU HAVE A 
SPACE PROBLEM? 
Eliminates squeezing 
operation of finished 
coil and possibility of 
shorts due to fractured 
enamel insulation. 


ITE ON COMPANY 

LETTERHEAD a aee 
BOR 

stock AR 

OF OVER 2000 SIZES 


wr 
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23 in. deep and 68 in. high. Net weigh, 
435 lb. Electromec, Inc., Oscilloscope 
Dept., 5121 San Fernando Rd., Los 
Angeles 39, Calif. 

No. 70, Reé 


PUSHBUTTON OSCILLATOR 
GIVES 2000 FREQUENCIES 


Any of 2000 different frequencies are 
available on Model 440-B Precision 
Push-Button Oscillator, which covers 
the frequency range from 0.5 to 1000 
cps in '%-eps steps. Calibration ac- 
curacy is + 0.05 per cent and drift 
per hour is less than 0.005 per cent. 
Distortion and hum are less than 0.1 
per cent at any output level. Amplitude 


varies less than +0.25 db over the en- 





tire frequency range. Output amplitude 
is adjustable continuously by a loga- 
rithmic output level control with a scale 
calibrated in rms volts from 0.01 to 10 
max. Power output is 100 milliwatts into 
1000 ohms. Krohn-Hite Instrument Co., 
580 Massachusetts Ave.. Cambridge 39. 
Mass. 
No. 71, F 


MIL-SPEC, REGULATED 
POWER SUPPLIES 


Now available are the four basic de- 
signs of a Laboratory grade line of 32 
regulated power supplies modified t 
meet MIL-E-4158A. (USAF),  Elec- 
tronic Equipment. Ground. Packaged. 
stock power supplies can be obtained 





for any fixed output voltage (adjust- 
able + 25 volts) from 0 to 1200 volts 
in three standard current ranges: 300, 
600, or 1200 milliamp max. Regulation 
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FAST SERVICE IS CHASE’S SPECIALTY FOR STAINLESS STEEL! 


Twenty-five warehouses, four sales offices, stand ready to supply 










you the type, shape, size and quantity of stainless steel you need. 
You get the same kind of dependable service that has made 
Chase the nation’s headquarters for brass and copper. 


Call Chase today for stainless steel! 





Bar, Sheet, Strip, 
Tubing, Pipe, Wire 





The Nation’s Headquarters for Brass & Copper (‘sales office only) 

Albany t Chicago Detroit Los Angeles New Orleans Rochester t 

Atlanta Cincinnati Grand Rapidst Louisvillet New York St. Louis 
® Baltimore Cleveland Houston Milwaukee Philadelphia San Francisco 


Boston Dallas Indianapolis Minneapolis Pittsburgh Seattle 
Charlottet Denver Kansas City, Mo. Newark Providence Waterbury 
BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
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Vibration and Shock Resistant 








TYPE —" 


Ruggedly 
Constructed 

to withstand 
vibration and shock 


Coils: Can be supplied for all standard 
voltages up to 220 volts, AC. Average 
coil consumption, 2.5 VA. 


Contacts: 6PDT up to 5 amps. at 
average 7.5 VA; 4PDT up to 5 amps. at 


Gives you average 2.5 VA; DPDT up to 10 amps. at 
the advantages of average 7.5 VA; fine silver. Other 
telephone-type contact materials available. 
performance 
in an AC relay Vibration: 10G at 5 to 55 cps. 


Shock: 20G energized; 


15G i szed. 
Suitable for non-energize 


communications Size: 1%” x 1's" x 2%" depending 
controls, on contact combinations. 
microfilm and 
office machines, Available hermetically sealed, 
annunciator systems or dust-covered. 
and others 


Send For Bulletin *'R’’ 










omar 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 





RELAYS » SOLENOIDS « COILS « TRANSFORMERS « SWITCHES + HERMETIC SEALING 
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is held to 0.25 per cent line or load: 
standard ripple is 4 millivolts, rms. 
The Mil-Spee Regulated Power 


| Supply employs full fungus-proofing, 
| anti-corrosion treatment, MIL-spec 
| tubes, and 100 per cent JAN com. 


ponents. Also, hermetically sealed 
ruggedized meters and MIL-T-27 trans- 
formers and reactors. All components 
are derated at least 30 per cent and 
temperature use of all iron-core com- 
ponents is limited to 30 C. NJE Corp., 
345 Carnegie Ave., Kenilworth, N. J. 
No. 72, F er f 


WIDE-BAND OSCILLOSCOPE 
Designed to accurately reproduce wave- 
forms comprising a wide band of fre- 
quencies, high-gain wide-band oscillo- 
scope, with a sensitivity of 15 millivolts 
per in. rms is especially suited for sig- 
nal tracing in low level stages, for 
phase-characteristics measurement, and 
sweep frequency visual analysis, as well 
as for use as a general null indicator. 
Known as Model 983, the scope con- 
tains identical vertical and horizontal 
push-pull amplifiers with a choice of 
a-c or d-c coupling without affecting 
either sensitivity or band width. Both 





amplifiers have compensated step at- 
tenuators and cathode-follower input. 
Instrument has excellent square wave 
reproduction with overshoot of only 2 
to 5 per cent, with a rise time of 0.1] 
microsec. Response is essentially flat 
throughout the specified range of 4.5 
me and is usable to 6 me. 

Provisions are provided for internal 
calibration, internal-phased sine wave. 
and Z-axis intensity modulation. Rever- 
sal of polarity of both horizontal and 
vertical signals is easily accomplished 
by means of toggle switching. Tube re- 
placements are noncritical, and etched 
circuitry facilitates maintenance. Wes- 
ton Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N.J. 

* > No. 73, | iry Se 
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THIS G-E DESIGNED SELECTO-CHART, KEY TO THE NEW APPLICATION APPROACH, COMPUTES EXACT VAC-U-SEL RECTIFIER STACK YOU NEED. 
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NEW G-E APPLICATION APPROACH CUTS DESIGN TIME... 


The Exact Vac-o-SeZ Rectifier You Need 
Can Now Be Chosen in Minutes .. . On-the-spot 


This new application approach, recently 
developed by General Electric, assures 
you of getting the correct Vac-u-Sel 
rectifier to meet your exact requirements. 
Now you are assured of getting the full 
advantage from the long life and out- 
standing technical characteristics inher- 
ent in all the many sizes and types of 
Vac-u-Sel rectifiers. In addition, in prac- 
tically all cases, the sales engineer can 
give you the exact identification and 
price of your stack on the spot, without 
the inconvenient delay involved in getting 
data from the factory. 


THIS NEW APPLICATION APPROACH 
brings top quality to your products by 
permitting complete and efficient utiliza- 
tion of the outstanding electrical charac- 
teristics, dependability, and predictable 
operation found in the many sizes, hous- 
ings, finishes, and ratings of Vac-u-Sel 
component rectifiers. 

FOR MORE INFORMATION on this new 
application approach, or the outstanding 
Vac-u-Sel line of rectifiers, contact your 
nearest G-E Apparatus Sales Office, or 
write Section 461-38, General Electric 
Co., Schenectady 5, N. Y. 





G-E SALES ENGINEERS are able to determine, 
on the spot, the exact Vac-u-Sel stack to suit 
your particular application. 


*Reg. Trade-mark of General Electric Cos 


GENERAL @@ ELECTRIC 
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NOW-—ROTH RESEARCH 
DEVELOPS A 


NEW, NON-POROUS 
RUBBER 


OF ONLY 
5 DUROMETER! 


—_ for many gases and liquids. 


as range from Shore “A” Durometer 
readings of 5 and up. 


“36 Can be molded to suit your requirements, or to meet those 
formulated for you by ROTH technicians. 





MM Sample and specifications available to engineers and 
rubber buyers. Write today. 


BASIC SPECIFICATIONS 
(Sample: Hardness 10 to 15 Durometer) 













co ere 560 
I ig Sak a Oia a a ay wdlathne wilh 800% 


Compression Set 22 ies: @ ch annc aucune’ 






ROTH CAN MEET 
YOUR CUSTOM MOLDED 
RUBBER REQUIREMENTS 


FOR 










— 
BONDED 0 "METAL GASKETS IMPELLERS 
SANDING 
VIEWING HOODS SHOCK MOUNTS MACHINE PADS 





WRITE— WIRE — PHONE 


ase] ROTH RUBBER COMPANY 


1860 S. 54th Avenue, Chicago 50, Illinois 
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HIGH-SPEED OSCILLOSCOPE 
CAMERA 


High-speed 35-mm camera for continu- 
ous recording of oscilloscope traces, the 
Model OC-1, has a film capacity of 100 
ft. Weighing only 6 lb, the camera may 
be mounted directly on the bezel of 
any 5-in. oscilloscope. The illustrated 
equipment features simultaneous binoc- 
ular viewing and recording, illuminated 
identification card, and flashing lamp 
time reference. 

Film transport rate may be set be- 
tween | and 300 ips by means of a con- 
tinuously variable remote motor control. 
Lower speeds can be achieved by gear 
substitution and higher speeds up to 





100 ips can be reached with special 
starting acceleration control. Less than 
15 see are required for removing ex- 
posed film and reloading with daylight 
loading spools. Film consumed in start- 
ing or stopping at maximum speed is 
less than 2 ft. 

An F/1.5, 50 mm coated lens with 
iris diaphragm is offered, giving an im- 
age reduction ratio of 4.5 in the usual 
5 in. oscilloscope installation. Available 
as an accessory is a variable delay timer 
which permits an event to be initiated 
from 0.5 to 5 sec after the camera has 
started. Brea Instruments, P. O. Box 
248, Brea, Calif. 

e No. 74, Reader Inquir 


MINIATURE A-C CLAMP 
VOLT-AMMETER 


Pocket-size clamp volt-ammeter has a 
single scale for all ranges and fune- 
tions, and employs a special shock- 
mounted instrument movement. Known 
as the Model 749, this new instrument 
incorporates manufacturer's Cormag 
self-shielded mechanism with  spring- 
backed jewels, shock-mounted within 
the bakelite case. The scale window is 
of Plexiglas. 

To simplify reading, a single scale 
is employed for all ranges and fune- 
tions, which are selected through a 
thumb selector switch. The neoprene- 


covered clamping jaws are tapered for 
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SPECIFIED PROPERTIES OF MALLORY 1000 METAL 





Average Minimum 







Density (parts up to 


2500 grams) 16.96 gm/ce 16.71 gm/cc 





always 








Tensile strength 
(ultimate) 112,000 psi 94,000 psi 






delivers uniform 


Modulus of rupture 
(simple beam, center 


loaded) 220,000 psi 180,000 psi 
2% 






properties 





Elongation (% in 2°’) 





There is a difference in high density metals . . . especially can base accurate design calculations. This depend- 
in their uniformity. For the designer and the production ability is proving valuable in many applications for 
man. the high standards of uniformity to which Mallory this unique material, including critical service in air- 
1000 Metal is produced are the best guarantee of re liable craft gyroscopes and counterbalances. 


performance in the finished product. 


In addition to its high density and strength, Mallory 
We invite you to compare the specifications for Mallory c 7 § 5 q 


1000 with any other high de nsity material. These are 
not simply represe ntative or “ty pie al”’ properties. 


1000 offers excellent weathering qualities and ready 
machinability to high surface finish. Exclusive contour 


There’s nothing vague about these figures. They are pressing techniques developed by Mallory produce intri- 
the characteristics on which you can a ‘pend in every cate shapes to accurate tolerances. For complete 
part made from Mallory 1000... and on which you information. write to Mallory for Technical Bulletin 6-7. 





RADIOACTIVE SHIELDING 
Up to 40% more efficient 
than lead, Mallory 1000 
Metal is an excellent mate- 
rial for radioactive shielding. 


Expect more... Get more a 


In Canada made and sold by Johnson Matthey & Mallory, Ltd., 
110 Industry Street, Toronto 15, Ontario 


P.R.MALLORY & CO. inc 
Serving Industry with These Products: 
Electromechanical—Resistors ® Switches ® Television Tuners ® Vibrators A L LOR 
Electrochemical—Capacitors © Rectifiers © Mercury Batteries 
Metallurgical— Contacts ® Special Metals and Ceramics ® Welding Materials : Bs 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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ar oa al 3 NOL 4 contact tail styles - - - 
PRIN-CIR 


CONNECTORS 


revolutionary 
NEW 


ONE MROL RTE tI 


i 
AMPHENOL 
PRINTED CIRCUIT 
CONNECTORS 


Prin-Cir connectors are the result of careful design 
work by AMPHENOL Development Engineering. They fea- 
ture compact bodies and a new contact design that is greatly 
superior to any available for printed circuit applications. 


Prin-Cir contacts can’t be set, can’t be overstressed 
when used with standard .061” to .071” boards, have very 
low millivolt drop and extremely long life. This contact 
has an extra-long spring base and a circle-lip for good 
wiping action. 

Prin-Cir connectors are available with 10, 15, 18 and 
22 contacts in four contact tail styles: Standard Eyelet, 


Wire Wrap, Pin and Open End. They may be ordered with 
one or more polarizing keys in any contact location. 


Bodies are molded of an improved version of AMPHENOL 
blue dielectric and contacts are gold-plated. 


AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 


In Canada: 


AMPHENOL CANADA LIMITED, Toronto 


AM PHENOL 








10, 15, 18, 22 contacts - 








measurements in limited areas, and 
have precision ground faces for positive 
contact. Accommodates conductors up 
to 1 in. round or 1°%4 in. x *%g in. ree- 
tangular. 

Instrument is furnished in a_ scuff- 
proof case with a compartment for 
voltage test leads. It has 6 current 
ranges: 300/150/60, 30/15/6 amp; the 
3 voltage ranges are: 600/300/150 
volts. Weston Electrical Instrument 
Corp. 614 Frelinghuysen Ave., Newark 
5. A. J. 

No. 75, 


UNIVERSAL TESTING 
INSTRUMENT FOR METALS 


Table model testing instrument records 
electronically stress-strain curves under 
tension or compression. Full scale load 
ranges from 2 gm to 200 lb are avail- 
able through the choice of three load 





| cells. The high speed recorder is equip- 


ped with a choice of synchronous chart 
speeds to provide a range of extensions 


| magnification. The crosshead is driven 
| synchronously through fast-acting mag- 
/netic clutches and change gears to 
| provide a choice of constant and_re- 
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This Veeder-Root Reset Magnetic Counter (AC 
or DC) is actuated through electromagnets. And 
it may be connected in series with any device hav- 
ing a contact arrangement .. . like the specially 
designed Veeder-Root Electrical Contactor at the 
left, which insures positive operation of the 
counter, either in oscillation or connected directly 
to a revolving shaft . . . with the counter placed at 


VEEDER-ROOT INCORPORATED 
HARTFORD 2, CONNECTICUT 
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Everyone Can Guan on 


VEEDER-ROOT 


any distance from the machine or process on which 
the count is required. 

This is another one of the hundreds of Veeder- 
Root Standard and Special Counting and Com- 
puting Devices developed for every conceivable 
counting duty, in every field from atomics to 
electronics. 

What do you need to count? Just write: 


Montreal 2, Canada « Dundee, Scotland 
Offices and Agents in Principal Cities 


“The Name that Counts’”’ 


Chicago 6, Ill. »* New York 19,N.Y. © Greenville, S. C. 




















































































versible testing speeds over a range of 
250:1. This range can be either from 
0.2 to 50 in. per min or, in an alternate 
model, from 0.02 to 5 in. per min, with 
an available jaw travel of 30. in. 
Traverse speed can be selected over a 
speed range from 50:2 in. per min, or 
alternatively 5: 0.2 in. per min. 

An unobstructed space of 3 in. is pro 
vided around the crosshead assembly to 
enable the use of special conditioning 
chambers, without modification of the 
unit. Instrom Engineering Corp., 440 
Hancock St., Quincy, Mass. 

No. 76, 


PORTABLE ELECTRONIC 
COUNTER 


High-accuracy electronic counter can 
measure frequency, speed, rpm. random 
events, weight. temperature, pressure, 
acceleration and other phenomena. 
Designated Model 521A Industrial 
Counter, it weighs 25 lb and provides 
direct numerical readings in cps, rpm 
or rps from 1 cps to 120 ke. Period of 
count is either 40 or 1 sec; count dis- 
play time can be varied at will. Instru- 


Pe Ea tke 


pot 





ment uses conventional power line fre 
quency for counting time base; it is 
also available with a plug-in crystal time 
base for measurements of more precise 
accuracy. 

Model 521A includes three accessory 
power supplies of 150 volts d-c, 300 
volts d-c and a 6.3 volt a-c filament sup- 
ply. Connections are also supplied for 
photocell and an external standard. 
Hewlett-Packard Co., 275 Page Mill 
Rd., Palo Alto, Calif. 

No. 77, 


READER INQUIRY SERVICE 
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Preceding back cover 
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Easy accurate 
brake 
adjustments 


\\ Slack adjusters 
permit quick, simple 
adjustments. When ad- 
justment is made, 
spring-loaded lock automatically 
engages adjustment screw to 
prevent screw backing off dur- 
ing.service. 





fre 
t is 
Lime 
cise ee ee ae ae ee ee ee 
Cooler running yoo 

SOTY p . 
300) Open-type, malle- J 
able iron brake ' 
sup spiders eliminate WO 

for air pockets and assure adequate 
lard. 


internal ventilation for cooler 
Mill running. 





+ . . . . . . . . . . 


Longer liner mn, 
life with | \ 

— “Econoliner” te y 
- Timken Detroit Econo- 

E liners are tapered to 
provide greater strength and 
thickness at the center where 
wear is greatest. 


JRING READER INOLIRY SERVICE CARDS 


Wiz 
as 


Constant Lift 
“S$” Type Cam 


Constant lift ‘’S”’ 


type cam assures 

uniform application 
of brake shoes for maximum 
sensitivity and controllability. 


li, 
(( Better brake 
\ drums 
= . Sturdy, rugged 


brake drums are 
designed to supply maximum 
rigidity with rapid heat dissipat- 
ing ability. 


PRECEDING BACK COVER 


designed for heavy-duty automotive service 


... for every industrial 


or automotive application where 


braking is required! 


POWER BRAKES 


These rugged, heavy-duty power brakes are de- 
signed to give longer troublefree service on trucks, 
truck-tractors, trailers, buses, trolley-coaches and 
industrial and road equipment. 

Superior design has made Timken- Detroit’s 
“P” Series brakes the undisputed choice of leading 
vehicle manufacturers everywhere. Friction and 
heat are reduced sharply, cutting the biggest cause 
of brake wear. Other important features of the “P” 
Series brakes offer increased economy and per- 
formance for operators. 

““P” Series power brakes are available in a com- 
plete range of capacities and sizes. Either air or 


hydraulic action ... to meet every operating need. 
For additional information... with expert consul- 


tation, contact the Timken Brake Division. Com- 
plete details and specifications on the “‘P” Series 
brakes are available. And, a staff of highly experi- 
enced engineers can assist you with any brake 
problem that you may have. 


mm BRAKES 


ROCKWELL SPRING AND AXLE COMPANY 


2 i} r Standard; 
I 


Plants at: Detroit, Michigan * Oshkosh, Wisconsin 
Utica, New York * Ashtabula, Kenton and Newark, Ohio 





New Castle, Pennsylvania 
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operating temperatures 
of 


DURANITE 


capacitors 
with 


MR* RESINS 


The Aerovox Duranite Molded 
Tubular Paper Capacitor is an- 
other of the outstanding capaci- 
tors protected with electrical 
grade Marco* Resin plastic to 
assure superior performance and 
long service life. 


Capacitors, impregnated, mold- 
ed or sealed with MR Resins, 
operate efficiently over a wide 
temperature range. High insula- 
tion resistance is maintained 
even under exaggerated condi- 
tions of humidity and moisture. 
Smaller physical sizes are possi- 
ble. Power loss is minimum, life 
expectancy unusually high. 


For long and top capacitor 
service, select a resin type, made 
by one of America’s leading ca- 


pacitor manufacturers. 
*Reg. U.S. Pat. Off. 


Celanese Corporation of America 
Plastics & Resin Division, Dept. 105-I 
290 Ferry Street, Newark 5, N. J. 
Canadian affiliate: 

Canadian Chemical Company, Limited 
Montreal, Toronto, and Vancouver 
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Literature for the Designer 


Digest of manufacturers’ new litera- 
ture relating to components’ and 
materials for designed-in use in elec- 
trically operated end products. .. . 
Checked as to date and previous pub- 
lication in Electrical Manufacturing. 
To obtain copies of these publications 
circle item number on posteards in 
Reader Inquiry Service, preceding 
back cover. 


V-BELTS—Complete line of Mor-Grip 
fractional-horsepower and _ heavy-duty 
multiple V-drive belts are described in 
an illustrated 24-page catalog. Included 
in the Multiple line are Super, Steel- 
Cable. Open-End and Hexagon V-belts, 
as well as V-link belting. Advantages 
provided by the line include the cush- 
ioning of the heavy cord load-carrying 
section in specially compounded rubber 
in a “neutral plane” where stretch and 
compression are at a minimum. Flex- 
ibility and shock-proof operation are 
other characteristics. Maurey Manufac- 
turing Corp. 


No. 121, R« 


PRELUBRICATED BEARING DESIGN-— 
Manufacturer’s Metermatic prelubrica- 
ted bearing design is the subject of an 
illustrated brochure’ entitled “New 
Automatic Grease Monkey.” Used on 
the company’s a-c and d-c motors, the 
bearing design features a gearing plate 
that automatically regulates the grease 
flow to the bearing and provides pres- 
sure relief against over-greasing. Pre- 
cision-mounted, double-shield — ball 
bearing and the special metering plate 
make up the design, additional features 
of which are described in detail. Re- 
liance Electric & Engineering Co. 


No. 122, | 


STAINLESS STEEL DESIGN HANDBOOK 

Entitled “The Functional Selection of 
Stainless Steels” 40-page design hand- 
book covers in the detail the properties, 
specifications, applications and other 
data on 20 grades of stainless steel wire, 
rod and strip. Chapters deal with the 
selection of stainless for corrosion re- 
sistance, heat resistance, mechanical 
properties and spring properties. Other 
sections present information on work- 
ability, cleaning and passivation, ma- 
chinability and other topics. Alloy Metal 
Wire Div., H. K. Porter Co., Inc. 

No. 123, Reader Inquiry Service Cards 


COLD FORMING—“Cold Forming De- 
sign Data” is the title of a series of 


technical data sheets to be issued period- 
ically to provide basic information on 
the fundamental principles and advan- 
tages of this process. Now available are 
the first two numbers in this series, 
Townsend Co. 


No. 124, R: 


HYDRAULIC PUMPS AND CONTROLS 

Complete line of oil-hydraulic pumps, 
controls and accessories for general 
industrial equipment is described in an 
illustrated 56-page catalog, No. 5001A. 
Included are engineering, design and 
application data on pumps. pressure 
controls, volume controls. directional 
controls, and control assemblies, as well 
as on hydraulic motors, transmissions, 
cylinders and hydraulic accessories, 
Performance curves and other reference 
material are included. Vickers Inc. 

No. 125, R: 


GEARMOTORS ——Stressing advantages 
resulting from the manufacture of all 
components by the producer of the 
gearmotor assembly, including motors, 
gears and gear boxes, 4-page illustrated 
brochure displays representative gear- 
motor models, providing data on speeds, 
ratings, and mountings. Typical of 
available models is Model B10, foot- 
mounting, with 32 assembly positions 
possible, and ratings from 140 to M%o hp, 
75 to 0.5 rpm. Janette Electric Manu- 
facturing Co. 


No. 126, 


CONTINUOUS-ROTATION PRECISION 
POTENTIOMETERS — Series T _ low- 
torque, continuous-rotation precision po- 
tentiometers, with 7% in. diam, are de- 
scribed in data sheet 54-51. Two mount- 
ing styles are available. both with pre- 
cision miniature ball bearings. All-metal 
housings and lids provide maximum 
heat dissipation, premitting operation at 
dissipation, permitting operation at 
ambient temperatures up to 105 C. 
Linear and nonlinear versions are avail- 
able. Helipot Corp. 
No. 127, Ré 


SPRING DESIGN DATA SHEETS—Basic 
considerations in designing precision 
springs are discussed and illustrated in 
an 8-page engineering bulletin. Line 
drawings, graphs and formulas are used 
to describe various types of springs and 
spring-device criteria. Typical of the 
topics discussed are the eight ways to 
specify 


compression and extension 
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Factory 
pre-setting assures 
high accuracy... 
eliminates costly 
pre-installation 
adjustments 


NO, a an f 


eet Sn 


“CT cvc.iNnG TIMERS 


The accuracy of a cycling timer depends on the exactness of the cam 
settings. If any one of the driving cams is incorrectly set, even to the 
minutest degree, the over-all program pattern or sequence of operations 
is changed. 


Cramer cycling timers are normally supplied with all cams pre-set 
to customer specifications on special calibration equipment like that 
shown above. This pantographic principle, in effect, produces a sixteen 
time enlargement of the cam, permitting extremely close setting ac- 
curacies. 


While these timers can be adjusted in the field, factory setting as- 
sures highest accuracy and eliminates costly pre-installation adjustments. 


This is but one of the many Cramer customer services designed to 
provide greater product usefulness and satisfaction at lower cost. 


For full information about Cramer Cycling Timers, write for new 
Bulletin PB-510. 


SPECULAAS TS IN TAME CONTR OL 


The R. W. CRAMER CO., Yue. 





BOX 8, CENTERBROOK, CONNECTICUT 


| 





springs, load deflection characteristics, 
and six ways to specify simple, close- 
wound torsion springs. Hunter Spring 
Co. 

ir No. 128, Reader quir er\ 


TRANSFORMERS—Text and _ illustra- 
tions of Bulletin ST-3505 describe the 
design and production of transformers 
for special applications, including weld- 
ing, plating, heating, and laboratory 
types. Other pages discuss available 
facilities and engineering know-how for 
producing transformers for military 
electronics, as well as for communica- 
tions equipment. Stressed is fabri- 
cator’s experience in use of grain- 
oriented, high-permeability silicon steel 
for transformer cores. Moloney Electric 
Co. 
No. 129, | 


LAMINATION DIES; STAMPINGS —||- 
lustrated 36-page booklet describes fab- 
ricator’s versatility in the design, engi- 
neering and production, to specifica- 
tions, of lamination dies of both steel 
and tungsten carbide for motor and 
other applications; precision compact- 
ing dies for use with powder metal- 
lurgy: and facilities for other precision 
tooling requirements. Other services are 
also described and illustrated. Cleveland 
Tool and Die Co. 

No. 130, Re 


STAINLESS FASTENERS Condensed 
stock list of stocked stainless fasteners 
contains daia on, and illustration of, 
screws, bolts, nuts, washers, AN fasten- 
ers. and other types. All available styles 
are illustrated and sizes tabulated. All- 
metal Screw Products Co., Ine. 
No. 131, Ré 


ADHESIVES AND COATINGS —FEicht- 
page guide to 3M_ brand adhesives, 
coatings, and sealers for use in refrig- 
eration and air conditioning equipment 
presents case histories showing use of 
materials in a variety of applications. 
Included are five comprehensive charts 
that provide data on typical end uses, 
followed by recommended products and 
their characteristics. Minnesota Mining 
and Manufacturing Co. 
No. 132, R¢ 


CURRENT-LIMITING FUSES—Current- 
limiting fuses, rated 250 and 600 volts, 
in sizes from 6 to 200 amp, are described 
in Bulletin GEA-6319. Fuses are de- 
signed for low-voltage circuit applica- 
tions such as fused safety switches, 
small motor circuits, fused combination 
starters and other applications where 
conventional fuses do not have adequate 
interrupting capacity. Presented are 
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For long life under extreme conditions of shock, 


vibration, corrosion, humidity and temperature 


nix” WY... HEAVY-DUTY 


ELECTRICAL CONNECTOR 


Here is the electrical connector designed and built for maximum per- 
formance under rugged operating conditions. 

Intended for use with jacketed cable and not requiring ground return 
through mating surfaces, this connector incorporates sealing gaskets at all 
mating joints. 

W-Type Bendix* Connectors also incorporate standard Scinflex resil- 
ient inserts in established AN contact arrangements. Shell components are 
thick-sectioned high-grade aluminum for maximum strength. All aluminum 
surfaces are grey anodized for protection against corrosion. 

For the real tough jobs, be sure to specify the W-Type Electrical 
Connector. Our Sales Department will gladly furnish complete specifica- 
tions and details on request. 


— BLT 


* TRADE-MARK 





SCINTILLA DIVISION 


Bandi” 


AVIATION CORPORATION 


SIDNEY, NEW YORK 





Export Sales: Bendix International Division * 205 East 42nd Street, New York 17, N. Y. 
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. © Stephenson Bldg., 6560 Cass Ave., Detroit 2, Mich. © 512 West Ave., Jenkintown, 
Pa. © Brouwer Bidg., 176 W. Wisconsin Ave., Milwaukee, Wisc. © American Bldg., 4 S. Main St., Dayton 2, Ohio © 8401 Cedar Springs Rd., Dallas 19, Tex. 
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A Mighty Power Package 
in a small capsule 





for your product 
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Investigate this dependable 
source of high frequency power 
---1/2 hp...and only 2.5 lbs.... 
for your new products 


This high frequency motor is a typical Motoresearch design 
for automatic ammunition belt feed to turret guns of Air 
Force Bombers. It develops rated power at 10,200 RPM. 
Dimensions are 3’’ diameter and 3'%4” long. 


Design and manufacture of Electrical Equipment to the 
application requirement is a Motoresearch specialty. We 
produce to order—not to catalog standards. Our facilities 
are geared to fast action with job shop ingenuity. All 
equipment is designed and processed to necessary Military 
Specifications. 

Motoresearch manufactures high frequency motors as 
large as 5 HP in conventional or special design. We are 
also actively designing and producing Motor Generators 
and Engine Generators for special applications. 


If your product requires special motors and commercial 
units do not meet your need, may we suggest that you 


ifoneSEARCH Company 


1600 JUNCTION AVENUE, RACINE, WISCONSIN 








specifications, curves of current-limiting 
characteristics, tables of maximum rat- 
ings for conductors and other pertinent 
data. General Electric Co. 

Circle No. 133, Reader Inquiry Service 


p eding back 


SPECIAL SOFT SOLDER ALLOYS—Line 
of special soft solder alloys are tabu 
lated and briefly described in a 1-page 
data sheet complete with application 
data. Alpha Metals, Inc. 

Circle No. 134, Reader Inquiry Service 


RELAYS—Short and long-form tele. 
phone-type relays for a-c and d-c, sub- 
miniature d-c relays, as well as im- 
proved latch-in types and miniature 
models with heavy current contacts, are 
representative of the variety of models 
described in Catalog 55, “Reliable Re. 
lays for Exacting Requirements.” Also 
described and illustrated are hermeti- 
cally sealed and dustproof enclosures. 
Magnecraft Electric Co. 


Circle No. 135, Reader Inquiry Service 
preceding back cover 


SILICONE TAPE—Preliminary data sheet 
lists properties of SG-300 silicone tape, 
a silicone-resin treated glass cloth with 
primary applications in dry-type trans- 
formers and in other equipment, re- 
quiring good compatibility — with 
varnishes, good mechanical strength, 
high dielectric strength, and similar 
advantages. Irvington Varnish and In- 
sulator. Div. of Minnesota Mining & 
Manufacturing Co. 
Circle No. 136, Reader Inquiry Service 


ELECTRIC COUNTERS Heavy-duty elec- 
tric counters for 200-million count life 
are the subject of an illustrated 4-page 
bulletin pointing out such features as 
5-watt power consumption, 1000-cpm 
rating, and speeds to 1600 cpm. Avail- 
able are models for operation at 25, 40- 
50, 60 cycles and d-c service, and all 
voltages to 230. Production Instrument 
Co. 


Circle No. 137, Reader Inquiry Service 


NEW NYLON MOLDING COMPOUND— 
Product data and typical properties of 
a new type nylon molding compound, 
chemically different from previously 
available domestic nylon, are provided 
by a booklet discussing ease of mold- 
ability of the material, its relatively low 
molten viscosity and its controllable 
crystalline structure. Barrett Div., Allied 
Chemical and Dye Corp. 
Circle No. 138, Reader Inquiry Service C 


preceding back cover 


TIME TOTALIZERS—Time totalizers de- 
scribed in an 8-page bulletin include 
Type 690 electrical stop clock for use 
in laboratory testing, nuclear research 
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The practical advantages of this 


micarta molding 


may suggest a better way 


to house your product 


This large molding—made of MICARTA Glass-Reinforced 
Polyester—is currently in wide use as a hood for a 
fluorescent street lighting fixture. A unique combination 
of physical properties led to its selection for this 

tough application. It is immune to any climate—anywhere 
—won’t rust, corrode or warp. It won’t dent, and is 
difficult to scratch, It never needs painting—in fact, 
permanent color can be incorporated right in the 

material itself. Maintenance, of course, is nonexistent. 


Let us show you how a MICARTA Glass-Reinforced 
Polyester Molding can be styled to provide a better 
housing for your product. Write Westinghouse Electric 
Corporation, MICARTA Division, Hampton, S. C. 
J-06610 


you CAN BE SURE...1F ITS 


Westinghouse 













« ) 
by G 
Ss 


% 
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The time-proven Simplet Vap-Oil- 
Tite principle, using a split ring and 
threaded grounding bushing, insures 
a permanently safe connection, pos- 
itively sealed against vapor, oil, 
dust. 


water or 


squeezes the grooved split ring, 


<{j> SIMPLET ELECTRIC COMPANY 


WHOLLY OWNED SUBSIDIARY OF IDEAL INDUSTRIES, Inc. 
100€ Park Avenue, Sycamore, Iilinois 





VAP-OIL-TITE 
CONNECTORS 


For Liquid-Tight Flexible ... 
Metallic Conduit 





The Original and Dependable 
Split Ring Connector 


PREVENTS COSTLY SHORTS 
and DOWNTIME 


makes it grip the conduit with tre- 
mendous pressure, while multiple 
points of contact between the ring 
and inside of the connector body 
provide a perfect seal. Corrosion re- 
sistant zinc or aluminum. Write for 
new bulletin and prices. 


Compression nut 

















ACCO 


err Ti 


Wire or 
Write 


to our 
Monessen, Pa., 
office 


Today 


TINNED 


ARMATURE BANDING WIRE 


Stainless or Carbon Steel 


STAINLESS 
Low permeability and high resistance for 
greatest efficiency. High tensile strength 
for compactness and neat appearance. 
Non-corrosive for everlasting life and 
safety. Cheaper than bronze on equal per- 
formance basis. 


CARBON STEEL 


For motors under 5 HP. Fine working 
characteristics. Wide variety of uses. 


Shipped on 50 to 200-pound reels 
Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 
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and other applications; and Types 630 
and 640 Running Time Meters, used to 
forecast need for servicing, recording 
total operating or down time, and for 
checking operating characteristics. The 
R. W. Cramer Co., Inc. 

rcle No. 139, Reader Inquiry Service 


preceding back cover 


SHORT-RUN METAL STAMPINGS— Bui. 
letin F-230 features typical examples of 
short-run stampings from ferrous and 
nonferrous metals using fabricator’s 
tooling process. Presented are four ex- 
amples of short run production complete 
with detailed cost breakdown and draw. 
ings of parts produced. Dayton Rogers 
Manufacturing Co. 


Circle No. 140, Reader Inquiry 
preceding back 


ervice 


over 


ROLLER BEARINGS—Featuring the new 
SCM line of ball bearing pillow blocks 
and flange cartridge mounts, 52-page 
catalog also contains up-to-date tech 
nical information and prices on the 
complete line of Dodge SC ball and 
Dodge-Timken roller bearings. The SCM 
line is designed for medium duty service. 
Dodge Manufacturing Corp. 


No. 141, Reader Inquiry Service 
preceding back cover 


Circle 


CORROSION CONTROL WITH ZINC 
“How Zinc Controls Corrosion,” a 32- 
page illustrated booklet, describes the 
many ways in which zinc lengthens the 
life of steel products and reduces main- 
tenance costs. Drawings, charts, and 
photographs, together with brief com- 
ments, present the corrosion control 
characteristics of zinc coatings, zinc 
pigments, and zinc anodes. Illustrated 
case histories are included. American 
Zinc Institute Inc. 


circle No. 142, Reader Inquiry Service 


eceding back cover 


ALKYD MOLDING COMPOUNDS —Re- 
vised folder presents product data on 
granular, putty, and glass-reinforced 
alkyd molding compounds. Described 
are the available six mineral-filled and 
three glass-fiber-reinforced compounds. 
Included is a graph illustrating the 
relative insulating performance charac- 
teristics of the compounds when exposed 
to elevated temperature and humidity. 
Barrett Div., Allied Chemical & Dve 
Corp. 

Circle No. 143, Reader Inquiry Service 

receding back cover 


DIGITAL-CONVERTER — Providing an 
accurate means of transposing analog 
mechanical information into digital elec- 
trical representation, Model ADC-1 digi 
tal converter has an unambiguous out- 
put of thirteen binary digits and op- 
erates at high speed clockwise o1 
counterclockwise. Its applications, char- 
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).--and actually cost less! 


GERMANIUM 


ian POWER 
+ RECTIFIERS 


CM Because of the higher efficiency of germanium, these 


ice. new G-E rectifiers achieve a full 75% saving in size and Ratings to 


weight—and yet actually cost less than any conventional 


type dry rectifier in use today. This sharply-reduced O 
weight and volume is a result of greatly-increased power 
e 


per cell in G.E.’s unique low-loss rectifier. 


ew 


oks 


































32- 
the Compare and see! For new efficiency in your 1955 de- 
the signs go the limit with new G-E Germanium Power 
a Rectifier. Tell your rectification problem to the G-E 
an application engineer—write today to: General Electric 
‘OmM- . 
trol Company, Semiconductor Products, Section X-d09>, 
zine | Electronics Park, Syracuse, New York. 
ated | 
joa cme 
NOW AVAILABLE IN PRODUCTION QUANTITIES OVERALL SIZE IS 4” x 5” x 10” 
These rectifiers are available in standard combinations consist- 
ing of one or more rectifying elements. A few of the typical re o. 4 
ratings are listed below. Bo money-wise ° onal 
“Re- “‘pound-wise” too, with these 
ie ne “a stand-out design features: 
ibed Half Wave 24 amps @ 60 V Z 
aa . 12 aaa @ 94V Weight and volume reduced 
nde. 8 amps @ 140 V 75% 
the Full Wave Center Tap 24 amps @ 60 V ogs 
Pest | 10 amps @ 140 V & oe aon have been re- 
osed | Full Wave Bridge 10 amps @ 125 V uced to ' or less 
dity. Three-Phase Half Wave 17.8 amps @ 93 V No forward aging effects...no 
Dye 11.2 amps @ 139 'V need for age-compensating 
| Three-Phase Bridge 11.2 amps @ 188 V devices 
yan | 
ialog | 
elec: Progress ls Our Most /mportant Product 
dig! 
out- 
1 op- , 
P or 
char- 
URING 
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@ummmYOU CAN GET BOTH= = =m 


i ACCURACY & SPEED | 


WITH THE NEW 


ITOROYD <¢& 
| WINDING ; 
MACHINE 



















s 
, by UNIVERSAL 


€% 


¢ rr" 


“a Models to Wind 


This coil is set-up, 
automatically wound, —_— 
and removed from machine { _— 


in five minutes. Sr 


Users report substantial savings over existing equipment with 
the new Toroyd Series, particularly the heavy wire models, made 
by UNIVERSAL, noted maker of precision instruments and 
special machines. Quick set up and fast operation are possible 
because it has been simplified. Heavy and fine wire can be 
wound on same core with simple tension changeover. 


HERE ARE SOME QUICK FACTS: 


@ Winds tighter than any other machine known; 
Synchronized wire feeding reduces wire 
breakage to minimum. 


® Feeds automatic & semi-automatic in both 
directions. Automatic sectional winding from 
0°-270° as well as 360° continuous wind- 
ing. 


@ Automatic pre-set counter geared 1 to 1 ratio. 


100% turn accuracy is maintained. 


@ Core clamps adjusts automatically to height 
of core. 


@ Fingertip opening and closing of shuttle-gear 
and magazine. 


Toroyd winding machines can be adapted to 
your special requirements. ALSO we will 
wind Toroidal Coils to your specifications. 
Quotations on Request. 


“ACCURACY IS A UNIVERSAL WORD" T® ROYD 


‘ WINDING MACHINE 
Write or Call rary it 


UNIVERSAL MFG. CO. 


ed ye” rr 
aL73 ‘ 
UNIVERSAL qu? )canuracrunnc COMPANY, INC. 


410 Hillside Ave., Hillside, N. J. 
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acteristics and operations are described 
in an illustrated 4-page brochure 
Norden-Ketay Corp. 


Circle No. 144, Reader !nquiry Service Car 
preceding back cover 


ELECTRONIC PRODUCTS, FACILITIES — 
Typical capacitors manufactured, plant 
facilities, and a brief summary of manu- 
facturer’s 3l-year history in electronics, 
are described in a 12-page illustrated 
brochure also listing key company per- 
sonnel, engineering “firsts.” Micamold 
Electronics Manufacturing Corp. 

Circle No. 145, Reader Inquiry Service ( 


eding back over 


FINISHING MAGNETIC ALLOYS—Re. 
print of an article originally appearing 
in ELecTRICAL MANUFACTURING, 8-page 
bulletin points out growing demand 
for high permeability alloys for pre- 
cision finishing in standard gages has 
led to the development of new materials 
and advanced finishing equipment for 
the electrical component manufacturer, 
with final rolling, slitting and leveling 
now being performed in the manu- 
facturer’s plant. Stanat Manufacturing 
Co. 


No. 146, Reader Inquiry Service Card 
preceding back ver 


CONTROL COMPONENTS—Control com- 
ponents for industrial use, described in 
a 4-page catalog, includes stepping 
switches, relays and key switches. Com- 
plete with relay selection guide, circular 
1698-PD provides data also on such 
stepping switches as types for large 
capacity requirements; models meeting 
complicated space and weight problems; 
as well as units for cam _ switching, 
alternate on-off, or stepping applica- 
tions. Automatic Electric Sales Corp. 

e No. 147, Reader Inquiry Service Care 


eding Dacr 


ENVIRONMENTAL TESTING—Facilities 
for environmental testing of components 
are outlined in a 4-page brochure point- 
ing out availability of testing services 
for virtually all military and commer- 
cial specifications for electronic, elec- 
trical and mechanical components as 
well as for hardware used in electronic 
equipment. Presented are tables of pa- 
rameters measured, range of measure- 
ment. and accuracy of measurement. 
American Electronic Laboratories, Inc. 
No. 148, Reader liry Service ( 


CONSTANT - FORCE SPRINGS — More 
than 25 actual design applications of 
the Neg’ator constant-force spring, de- 
scribed and illustrated in a 16-page 
bulletin, demonstrate how the spring is 
being used in solving a variety of me- 
chanical-loading and power-drive prob- 
lems. Operation of the constant-force, 
long-extension spring and its six major 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Tips for designers 





Terminal strips for aircraft electronic 
equipment Grade GEC epoxy laminate, 
and of Grade 353 and Grade C phenol 
laminate . . . each chosen for properties to 
match the individual application. 





Bottom of golf bag is made of Taylor 
Vulcanized Fibre ... a tough, abrasion re- 
sistant material readily formed to the de- 
sired shape. 


Fuel line clamp for a fighter airplane's 
“pipeline” system is machined from Taylor 
fabric base laminate which has high me- 
chanical strength and resists extreme tem- 
perature and humidity. 





Liners for circuit breakers are made 
of Taylor Vulcanized Fibre, whose arc- 
resistant properties protect the breaker’s 
molded base from the damaging effects of 
arcing at the breaker points. 


Layley Babvicating 


c 


FACILITIES 


Your production problems can 
often be simplified . . . schedules 
safeguarded . . . inventory head- 
. and overall costs 


aches cured . . 
reduced by having Taylor fabri- 
cate finished parts of vulcanized 


fibre and laminates to your 
specifications. Efficient, modern 
facilities are ready to serve you. 
Write to Taylor about your spe- 
cific requirements. 





nai 


Shop Talk 


PATIO ® 


FORE CO. 


Plants in Norristown, Pa. and La Verne, Calif. 
PHENOL — MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD 





Distributor breaker assembly uses Taylor XX laminated tubing for the contact arm bushing. This paper 


base laminate maintains high dielectric strength under humid conditions, has good dimensional stability 
and machines readily. 


Design for performance and economy— 
with Taylor Phenol Laminates 


You can be sure of getting per- 
formance to fit your product at a 
price to fit your budget, when you 
design with Taylor phenol lami- 
nates. More than thirty different 
grades offer you a broad combina- 
tion of electrical, physical and 
machining properties that cover a 
wide range of product applica- 
tions. 


Included in this selection of mate- 
rials are paper and fabric base 
grades. Notable among these is a 
family of hot punch laminates— 
the new ‘300’ series. Especially 
developed for the increasingly 
stringent demands of modern elec- 
tronics, this series marks a new 
high in ease of fabrication and 
economy .. . plus exceptional sta- 
bility under all climatic conditions. 


You’ll find that Taylor laminates 
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can lead to real economies in pro- 
duction, through their excellent 
punching, staking and machining 
qualities. They come in forms 
that permit efficient production 
of varied shapes . . . sheets 49” by 
49”, tubes and rods. And they’re 
a real bargain in performance, 
often giving you properties found 
only in premium-priced materials. 


Equally important, you’re always 
sure of quality. Taylor formulates 
its own resins . . . manufactures 
its own special grades of paper . . . 
all under the strictest laboratory 
control. 


Write today for a copy of the gen- 
eral catalog on these and other 
Taylor materials. And ask a 
Taylor specialist to see you for a 
consultation on your specific ma- 
terials selection problem. 
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ERIE has the unique combination of facilities for producing electronic com- 
ponents, molded plastic parts, metal stampings and embossed wiring 
boards, for Electronic and Mechanical Custom Assemblies. Such assemblies 
are essential in the design of Computers, Business Machines, Automatic 
Industrial Controls, Electronic Organs, Communication Equipment, Guided 
Missiles and Ordnance Materiel. 
A definite trend has been toward unitized assemblies that help speed 
! production and insure a minimum of down time on end use equipment. 
( Through research, design and actual production of component packaging 
for a number of years, ERIE has kept pace with this fast growing industry. 
By subcontracting certain basic assemblies to ERIE, you, the manufacturers, 
can devote more of your engineering time to the design of new equipments 
and development of end use systems, and save on your final unit costs. 
The Electro-Mechanical Division of Erie Resistor will welcome the 
opportunity to consult with you on the possible economies to be gained 
through the use of ERIE assemblies. 









ae SOR ee Vb eS 
ERIE RESISTOR CORPORATION 


Main Offices: ERIE, PA. 
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forms are also pictured and discussed 
in terms of their utility and mechanical 
design. Hunter Spring Co. 

No. 149, Reader Inquiry Ser 


[ INQ DOCK cover 

INTEGRAL - HORSEPOWER VERTICAL 
MOTOR—Reduced maintenance costs 
and simplified lubrication are features 
of the new vertical Tri-Clad motor de- 
scribed in Bulletin GEA-6280. A shield- 
ed (dripproof) vertical hollow-shaft 
motor with high-thrust  oil-lubricated 
bearings, motor is available with ratings 
from 71% to 500 hp. Cutaway views and 
other illustrations are used to point out 
design features and construction details, 
General Electric Co. 

le No. 150, Reader Inquiry Service 


nrecedir k r 
precead } DACK cover! 


FLUORESCENT LAMP BALLASTS—In- 
tended as a guide to basic ballast appli- 
cations and design, 8-page catalogue 
also provides data on manufacturer’s 
Streamlined ballast. Text, tables. and 
illustrations are also provided to de- 
scribe Preheat, Trigger-Start, Rapid- 
Start and Slimline Ballasts. Universal 
Manufacturing Corp. 
No. 151, 


MAGNETIC BRAKES AND CLUTCHES 
Entitled “Magnetic Transmission Equip- 
ment,” bulletin 226-D contains clutch 
and brake selection data and provides 
complete specifications for a line of 
magnetic clutches, magnetic  clutch- 
brakes, magnetic brakes and related 
products. Among these are magnetically 
released spring-set disk brakes. Pointed 
out is availability of a special clutch 
design service. Stearns Magnetic Inc. 
No. 152, R« 


eding back 


HERMETIC SEALS — Ceramic-to-metal 
seals designed for temperatures to 14,- 
000 F and for pressures to 2000 psi are 
the subject of a 4-page brochure de- 
scribing the metallizing process, avail- 
able metals, and construction. In addi- 
tion to custom-made seals for special 
elevated temperature service, standard 
types are available. Advanced Vacuum 
Products, Inc. 
e No. 153, Reader Inquiry S« 


precedin 


DRAFTING EQUIPMENT — Thirty-two- 
page catalog of drafting equipment pro- 
vides selection data on drafting ma- 
chines, drawing boards, T-squares, 
parallel rules, as well as on triangles, 
templates, curves and lettering aids. 
Frederick Post Co. 
Circle No. 154, Reader Inquiry Ser 


preceding back cover 


MAGNETIC COMPONENTS—Technical 


information is provided by Bulletin 
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” for All Transitron semi-conduc- for 
Bulletin tors are produced to the most Bulletin 
TE-1321 D rigid military and commercial TE-1300 
Transitron specifications to assure long Transitron 
7 life and complete reliability. 
ip: HIGH POWER They provide the trouble-free, MATCHED 
- SILICON RECTIFIERS dependable performance that Quaps 
les iets ; is so essential in modern com- 
en . ° Send 
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ch- Bulletin Whether your requirements Bulletin 
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ich | of semi-conductors. A wide 
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4, | for for 
are Bulletin Bulletin 
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COSTS! 


CHECK CABLES WHILE YOU ASSEMBLE - 


NEW Linx 209 CABLE CHECKER 





SAVES TIME, ELIMINATES COSTLY REWORK! 


Now, here’s a new production tool that will cut your cable assembly and 
inspection costs—slash inspection time by as much as one-half! 


The new Link 209 Cable Checker is portable, compact and easy to operate 
—a fool-proof tool that simplifies individual wire identification ... finds 
shorts between wires of the cable . . . shorts between any wire and the shell 
... and checks continuity between connectors. 


Let the versatile Link 209 Cable Checker save you time and money in cable 
assembly and inspection. Write today for additional information. 





0K 
AT THESE 
OUTSTANDING 
FEATURES! 





AVIATION, INC. 
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® Rapid, positive visual identification 


® low set up time — only minutes to 
change from one operation to another 


® Rugged, durable — reliable performance 
always, low maintenance 


® Easy to operate — just press the button, 
check connections against wiring list 


Only $575.00 


BINGHAMTON, NEW YORK 


A SUBSIDIARY OF 
GENERAL PRECISION 
EQUIPMENT CORPORATION 








magnetic components handling  elec- 
trical power from microwatts to mega- 
watts at frequencies from “‘almost d-c” 
to megacycles, presented in two sec- 
tions devoted to components for power 
applications and for signal applications. 
Typical units described include trans- 
formers, power supplies, magnetic am- 
plifiers and filters. Raytheon Manufae- 
turing Co. 
No. 155, Reader Inquiry Service 


RESISTANCE THERMOMETER _ ELE- 
MENTS—Intended for surface temper- 
ature measurement and control, line of 
tiny resistance - thermometer elements 
known as RdF Stikons is described in 
an illustrated brochure. Device consists 
of a temperature-sensitive grid of fine 
nickel wire bonded between two thin 
pieces of flexible insulating material, 
with the resulting paper-thin sandwich 
fastened by an appropriate cement to 
the surface to be measured. Arthur C. 
Ruge Associates. 

No. 156, Re 


STOCKED IRON CORES—Series of data 
sheets enclosed in a file folder provide 
technical information on insert, thread- 
ed, oscillator-tuning and other iron 
cores. A dimensional diagram is _pro- 
vided for each model and information 
provided on material, tolerances. and 
other pertinent specifications. Radio 
Cores, Inc. 
No. 157, Re 


SPEED REDUCERS — With 


ranging from fractional-horsepower to 


capacities 


150 hp. new Line-O-Power speed re- 
ducers have a range of nominal ratios, 
for double, triple and quadruple reduc- 
tions. from 5.06:1478. Input and output 
shafts are in a direct line, to permit 
coupling of motor and speed reducer 
in less space. Additional features are 
pointed eut in Engineering Manual LP 
No. 3. Foote Bros. Gear and Machine 
Corp. 
No. 158, Reader In 


BULK-PACKAGING CASE-HISTORIES 

Six different types of bulk packaging of 
motors and other parts are discussed 
by means of illustrated case histories 
pointing out specific benefits and econ- 
omies resulting from use of king-sized 
containers. Gaylord Container Corp. 


No. 159, Reader Inquiry 
receding back ‘ 


LIGHT-DUTY V-BELT—Developed for 
V-belt use on air conditioning equip- 
ment, forced-air furnaces and fans, the 
Vibrasorb V-belt is also suitable for 
such applications as washing machines, 
dryers and light shop equipment. Fea- 
tures pointed out in an illustrated bro- 
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3 NEW PRopucCTS 


For Special Applications 





For current limiting and for obtaining lagging power 
factors without wave distortion specify — 


NWL Air Core Reactors 


Capacity of % to 2000 Amperes 
and 25 to 400 cycles. 





weit) Pe 





For over 30 years NWL has de- 
signed and manufactured custom 
transformers for every application. 
The three new transformers shown 
here are another example of our 





ESTABLISHED 1920 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





For the lowest possible capacitance and non-reson- 


ating peaks specify — 





te NWL Radio Frequency (R. F.) Chokes 
tele Available in sizes of 1 ampere and 
ake larger. In illustration at left terminal 
43 is not shown. 

aie For reduced internal capacitance and better 
Batol: coupling specify — 

pe ues e 

Bs NWL Audio Transformers 


Transformer shown at left has a range 
of 5 to 2000 cycles, a capacity of 3.6 
KW at 60 cycles, and high voltage 
windings. Illustration shows sandwich- 
ing of the high voltage coils between 
secondary windings. Available from 2 
to 15 KW and up to 10 KV in dry type 
transformer. 


constant expansion to serve new 
applications. 

We are proud to have built our busi- 
ness by manufacturing one product 
— reliable custom transformers. 


Write for complete information 







WINDING LABORATORIES, INC. 


P, O. Box 455, Dept. 101 TRENTON, N. J. 



























































chure include low vibration character. 
istics. B. F. Goodrich Co.. Industria] 


& SINCE 1915 LEADERS IN AUTOMATIC CONTROL a 





Circle No. 160, Reader Inquiry Service 
preceding back cover 


PLOTTER MECHANISM 
See MENTS—Laboratory standard instru. 

ments and standard cells are full 

RANGE AMPLIFIERS eee illustrated and described in Catalog 
A46A. Data are presented on a-c and 
d-c voltmeters, a-c and d-c ammeters. 
| wattmeters, and portable precision 
shunts. Also listed are commercial labo- 


ee Te LL 


LEAD 


SCREWS LIGHT 
BEARING 5 


ratory and ¢ : pes sté é ‘ells 
re tory d ther types of st andard cells, 
| Weston Electrical Instrument Corp. 





NETWORK BOXES — 
HANDCRANKS TRANSFER '- fi «=D ircle No. 161, Reader Inquiry Service Caras 


| LABORATORY STANDARD INSTRU- | 
SWITCH preceding back cover 





RELAY AND SWITCH APPLICATIONS 
In Bulletin RH No. 8 manufacturer de- 


s . scribes how its electric relays and step- | 

on iInuvoOUsS iS ance an ping switches are being utilized in the 
design and construction of an advanced 

circuit analyzer used in the testing of 


Bearing Solutions with Unique Ses Garp Automatic Electri 


No. 162, Reader Inquiry Service 


f 


| Plotter-Resolver System —ascuenc aweuriers —oneaur 


F Bulletin MA describes manufacturer's | 


. standard type magnetic amplifiers of 
Problem: Determine automatically and continuously the distance : 


, toroidal construction, and provides in- 
and relative bearing of any two points on a map. 


formation regarding special designs to 


; Ford instrument's Solution: A combination of two standard com- suit customer requirements. Hycor Co.. 

ponents — a map plotter and an electrical resolver. Inc. 

; Result: Equipment can operate with maps up to a yard square — ene: tm. OED, Neneer incary Service: Com 
whose scale varies over a wide range. This means real flexibility A atk 

, because it does not restrict plotter just to maps — since photographs ELECTRIC CONTACTS, COLD-HEADED | 

i — even sketches can be used. SPECIALTIES—In addition to describing 

" Here’s how it works: The plotter proper has a smooth unobstructed the advantages of the cold-heading meth- | 

, glass top on which the map is placed. Under the glass there is a light od, illustrated brochure lists properties 

; traveling on screws. The screws are driven horizontally (E-W) and of silver and other precious metals for 

: vertically (N-S) by servo motors actuated by a computing mech- contacts, and reviews manufacturer’- 

anism. The position of the light on the plotter is controlled by four facilities for making electrical contact- 

: handcranks. Two of the handcranks are used to position the light and cold-headed specialties. Briefly de- | 

, under the first point; a transfer switch is then thrown and the other scribed is the magnetic force spot-weld- 
two handcranks used to position the light under the second point. ing method, said to sharply reduce costs 
The map coordinates of the two points are algebraically added in Deringer Metallurgical Corp. 
two network boxes, the resultant voltage from the network boxes Circle No. 164, Reader Inquiry Service 


being the N-S and E-W distances between the two points. The 
resolver converts these two distances into range and bearing, which 


are indicated on two dials. Such a technique results in astounding MINIATURE RECTIFIER STACKS- ‘De- 
accuracy. In a computer employing this principle, the maximum signed for use in electronic, industrial- 
‘range error is on the order of one yard in a thousand, and the max- control and Pawar applications, mini- 
imum bearing error is 10’. The average errors are about half the ature Vac-u-Sel rectifier stacks have a 
maximum. life expectancy of 60,000 hr and an 


ambient temperature range from —65 
to 130 C. Available are individual stacks 
rated up to 9250 volts peak inverse 


If you have a problem in any phase of automatic control, it will 
pay you to discuss it with Ford engineers. 


Visit our Booth #15 at Ist Annual Trade Fair of Atomic Industry — (6500 volts rms). Additional specifica- 
Sept. 26-29, Washington, D. C. tions and engineering data are provided 
: by Bulletin GEA-5935A. General Elee- 
FORD INSTRUMENT COMPANY — | 
rcle No. 165, Reader Inquiry Service 
DIVISION OF SPERRY RAND CORPORATION preceding back er 


31-10 Thomson Avenue, Long Island City 1, N. Y. 
| TRANSPARENT PLASTICS—Seven new 


and improved transparent plastics are 
ENGINEERS I I I 


: , : sscribed in an illustrated 6-page bro- 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. described in an il . trated 6 page 
F | chure. complete with property charts 
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When you have automation 


your electrical circuits 


ERE, signals pulsing through 7 
miles of Rome Synthinol® Ma- 


‘chine Tool Wire control 555 auto- 


matic operations. It’s a 350-foot 





It Costs Less to Buy the Best 


can’t fail 


Cross Transter-matic automation 
line, designed and built by The 
Cross Company of Detroit. 

Operations are automatically per- 
formed on the V-8 cylinder block at 
each station. Cylinder blocks are 
loaded at one end and unloaded at 
the other end. Controls that keep 
104 blocks in process simultaneous- 
ly come through the 35-foot panel. 
Production: 100 cylinder blocks an 
hour at 100% efficiency. 

Small wonder that wiring, like 


every other component, must be 


on this scale 





chosen carefully. Even one minor 
control circuit breakdown a day 
would be unthinkable. But Rome 
Synthinol Machine Tool and Con- 
trol Wire is made for these critical 
applications. Its polyvinyl chloride 
insulation, specially compounded to 
resist heat, flame, moisture, acids, 
oils, and cutting solutions, assures 
long, trouble-free circuit life. 

The Cross Company has been 
well satisfied with Rome... you will 
be too. Write today for detailed 


specifications or engineering help. 


ROME CABLE 


TORRANCE 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


ie * NEW YORK 


CALIFORWIA 
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ADVANGE builds 


"em for heavy loads 
and long service! 


Cramped quarters don’t cramp the 
style of ADVANCE midgets and mini- 
atures. You can use them on loads up to 
5 amperes continuously...and at three 
times their rating intermittently — with 
complete safety. They'll resist shock 
and vibration...stand up under tem- 
perature extremes. You'll find them 
readily adaptable to any mounting 
need...any type of duty. Here are a 
few examples: 


“TINY MITE” 
MM & MP SERIES 


This ultra-small d-c relay 
occupies less than 4 cu. in. 
mounting space! It’s stable 
under vibration and shock 
...plated to prevent corro- 
sion. Operate time is 5 milli- 
seconds. Contact rating: .5 
amp. or 1 amp. 


MINIATURE 
TELEPHONE TYPE 
TQ SERIES 


Only .94 cu. inches in size, 
yet this relay carries 5-amp. 
loads in any combination 
up to 4 PDT. Mechanically 
secured throughout, it's 
extremely efficient. No gas- 
sing or bubbling. Withstands 
10G vibration. Temperature 
range: —55° to +125° C. 





Hermetic enclosures on these types are im- 
pervious to varying climatic conditions... are 
sealed and carefully checked against leakage. 


Write for literature on any of the above 
series, or the complete ADVANCE line. 


ADVANCE ELECTRIC 
AND RELAY CO. 


<-> An Elgin National Watch 
| Company Affiliate 

2435-M NORTH NAOMI STREET 
BURBANK, CALIFORNIA 






Sales Representatives in Principal Cities of 
U.S. and Canada 
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and application data. Among the new 
materials is Dura-lite, basically meth- 
acrylate but improved by certain ad- 
ditives said to give it higher resistance 
to chemical attack, crazing and abra- 
sion. Homalite Corp. 

No. 166, Reader |: 


GEARMOTORS—Complete with a dimen- 
sional drawing, illustrated brochure pro- 
vides specifications on gearmotors with 
ratings from Vg to 34 hp. Models are 
available in dripproof, totally enclosed 
and explosion-proof enclosures: single 
or polyphase; 25, 50 or 60 cycle and 
110, 220 140 volts. 


a motor developed 


Illustrated is 
for dairy equip- 
ment, with a stainless steel output shaft 


and 


and a special output seal giving positive 
protection against contamination of 
product through leakage of lubricant. 
Gear Research Corp., Inc. 

No. 167, Re 


PRE- FINISHED COLORED METALS- 
Colorweld roller-enameled metal, avail- 
able in coil or sheet form, in 13 standard 
colors or colored to specifications, is 
the subject of an illustrated brochure. 
Widths range from 1% in. up to 36 in.. 
slit to customer specifications. The bake- 
on rolled enamel finish is said to permit 
bending. forming, slitting, stamping and 
drawing operations without 
scratching or peeling. Southern States 
Iron Roofing Co. 
le No. 168, Reader 


most 


FABRICATING FACILITIES — “Service 
To Industry” is an illustrated 24-page 
comprehensive summary of facilities and 
services offered by the Contract Division 
of a company with 5 factories and roll- 
ing mill with a total area of over 1,600,- 
000 sq ft. Illustrated are laboratories, 
design and engineering staffs, and ma- 
chine shops available for the design and 
production of contract metal stampings 
and moldings. Shown are typical com- 
ponent parts produced for small elec- 
trical appliances, major appliances, 
housewares, and for a wide variety of 
military equipment. Aluminum Goods 
Manufacturing Co. 


rcle Wo. 169, Reader Inquiry Service Cards 
preceding bac} over 
FLUID DRIVES—Offering adjustable, 


stepless speed control for a wide variety 
of industrial equipment, the Type VS 
Class 2 Gyrol Fluid Drive provides such 
additional advantages as power savings, 
no-load starting, acceleration control 
and shock absorption, among others. 
Illustrated catalog and selection guide 
provides drawings and dimensions for 
both crank and lever-type speed control 
mechanisms. Selection guide indicates 
proper drive for use with drive motors 


To the man who 


is responsible 


for precision 
production... 





brochure 

provides 

important 
information 





Write for 
your copy 
NOW! 


Filled from cover to cover with the 
newest developments in. today’s 
advanced machine tool. engineer- 
ing — the versatility of operation 
in engineering and building for 
America’s largest manufacturers. 
Yes, this brochure belongs on your 
desk for current quotations and 
future planning. 


era Tt 


TOOL AND DIE 
COMPANY 





1643 EDDY ROAD @ CLEVELAND 12, OHIO 


. 
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- FIRST TRANSISTOR RADIO MADE POSSIBLE 
| a by INSUROK*’ copper-clad 


printed circutts ! 


Here’s a remarkable example of miniaturization 

. . made possible mainly through the use of printed 
circuits and transistors. This diminutive radio weighs a 
scant 12 ounces, complete with battery. Yet, it has 
good tone, is selective, and delivers plenty of volume. 























Here’s the printed-circuit board used in the Regency 
. . made with Richardson T-725 copper-clad INSU- 
ROK. Engineers of I.D.E.A., Inc. of which Regency 
is a division, laid out the circuit. Croname, Inc.* 
Chicago, took it from there . . printed the complex 
circuit on Richardson T-725 copper-clad INSUROK, 
then etched it. Results: a lightweight, compact, effi- 
cient circuit . . tedious, time-consuming wiring elimi- 
nated . . faster assembly. 


Many grades of Richardson laminate INSUROK 
are available copper-clad on one or both surfaces. 
We invite your inquiry. 


*Here’s what Croname has to say about T-725 cop- 
per-clad INSUROK, “Quality is superior . . service 
good. And Richardson gives us helpful engineering 
assistance.” 





Ask for descriptive bulletin, 
“INSUROK Copper-Clad Laminates." 





RICHARDSON 


Laminated and 


Molded Plastics 


The RICHARDSON COMPANY 


FOUNDED 1858 
2799 Lake St., Melrose Park, Ill. (Chicago District) 


SIX PLANTS: Melrose Park, Ill. @ Indianapolis, Ind. 
New Brunswick, N. J. e Newnan, Ga. @ Tyler, Tex. e Ogden, Utah 


SALES OFFICES IN PRINCIPAL CITIES 


410 
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when you specify 


HA YDON TIMING MOTORS 


TIME — and its accurate measure — are vital factors in today’s designs. And 
whatever your timing requirements, you'll find there’s a HAYDON Timing 
Motor that does the job better . . . opens the way to important improvements 
and advances in your designs. 


Take very slow shaft speeds for example. HAYDON 4400 Series Timing 
Motors offer speeds from 6 hours to 1 week with totally enclosed gearing 
and at comparatively low cost. You save the extra bulk and 
expense of external reduction gears .. . achieve greater compact- 
ness, dependability and economy. 


When it’s time for design improvement it's HAYDON every time. 
Take advantage of our complete Timing Services. HAYDON’S man- 
ufacturing facilities and engineering counsel are at your disposal 
through the nearby HAYDON Field Engineer. 





CLIP AND MAIL THE COUPON FOR HIS NAME — 
AND FOR AN INFORMATIVE CATALOG — TODAY! 






HAYDON 


AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORPORATION 


HEADQUARTERS FOR 


TIMING! HAYDON Manufacturing Company, Inc. 


2533 ELM STREET, TORRINGTON, CONN. 


(1 Send me the name of the nearby HAYDON Field Engineer. 
(] Send me catalog, “Electric Timing Motors.” 


NAME 
POSITION 
COMPANY 
CO. ADDRESS 
CITY ZONE STATE 








* Trade Mark Reg. 
U.S, Patent Office 
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rated from 7.5 to 800 hp. American 
Blower Corp. 


> No. 170, Reader Inquiry Ser 
preceding back cover 


HERMETIC CONNECTORS — Two-page 
bulletin describes hermetically sealed 
electrical connectors that withstand me- 
chanical shock of 100 g, thermal shock 
from —300 to 500 F, and bonding 
temperatures as high as 1000 F, as well 
as operating pressures up to 7000 psi 
and high potentials of over 1500 volts, 
Capacity to withstand these extremes 
is said to result from a special com- 
pression glass seal. The Deutsch Co. 


No. 171, Reader Inquiry 
preceding back 


ALL-METAL LOCKNUTS—Text and jil- 
lustrations describe the locking action 
of a one-piece all-metal nut that can 
be used either as a locknut or a stopnut. 
Fastener, the Flexloc, is unaffected by 
temperatures up to 550 F. When made 
of corrosion-resisting steel, the nuts are 
good up to 750 F. Standard Pressed 
Steel Co. 


rcle No. 172, Reader Inquir ery 


7 
preceding back cover 


ELECTRICAL CONTROL SYSTEM—FElec- 
trical control system for predetermined 
repeat or non-repeat on any machine 
with a mechanical tripping mechanism 
is described in Bulletin 55-1. Security 
Controls, Inc. 

No. 173,*Reader Inquiry 


ece 


TWO-WAY MIDGET PACKLESS VALVES 

New features added to a two-way 
midget solenoid valve, Bulletin 8262, 
are described in technical publication 
Form V 5001. Among these are new port 
and pipe sizes up to 14 in.:; new pres- 
sure ratings for normally open valves 
(up to 250 psi on air) and new UL 
approval and listing for explosion-proof 
models. Automatic Switch Co. 


Circle No. 174, Reader 


SEAMLESS STEEL TUBING—Cold seam- 
less finished tubing, with outer diam- 
eters from ¥g to 17 in. is produced 
by a combination of processes to obtain 
improved surface, closer tolerances and 
better mechanical properties. Described 
in an illustrated brochure, the tubing is 
first compression cold worked in tube 
reducers and then further reduced by 
cold drawing to customer specifications. 
Tube Reducing Corp. 
e No. 175, Reader Inquiry Service 


preceding back cover 


SUBMERSIBLE PLUGS, CABLE CON- 
NECTORS—Welding equipment, indus- 
trial heating units, and crane acces- 
sories are some of the applications for 
the submersible plugs, receptacles and 
cable connectors described in a data 
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Here’s the Relay for 


today’s high speed devices 


Highly Sensitive 
No Contact Bounce 
Billions of Operations 


e Announcement of the CLARE Type T High Frequency 
Relay two years ago set off such a deluge of inquiries 
for samples and information that it is only just now that 
production facilities permit us to mention it again. 

Originally designed for use in an analog computer, 
this relay is ideal for designs which call for a highly 
sensitive relay completely free from contact bounce and 
capable of billions of operations at extremely high speeds. 

Pull-in time of this relay, for instance, is 120 micro- 
seconds. With dropout time of 100 microseconds, the 
relay follows up to 2500 cycles per second; aperiodic to 
1000 cycles per second. 

Manufacture of the CLARE Type T Relay, with its 
high speed, no bounce and other unusual characteristics, 
necessitated the development of entirely new techniques. 
It is built to extremely close tolerances, with a high 
degree of precision and fabricated under conditions of 
utmost cleanliness. 


SPECIFICATIONS 





MECHANICAL ELECTRICAL 
Size: 1-15/16 in. dia. x 2-3/'16 in. overall Operate Ampere-Turns: 8 to 20. 
Weight: 5 oz. 


-turns. 
Mounting: Equipped with plug, to fit standard endeaie-tp-aibiite 


8-pin octal socket. 
” Operation: 16 to 40. 


Cover: Removable dust-tight cover. 


Contacts: 
Type: Form A (s.p.s.t., normally open) 
Material: Platinum-iridium 
Gap: 0.0005 inch 


Pressure: 30 grams, min. (Coil energized 
with 50 ampere-turns) 


Contact Bounce: None. 


Dielectric Strength: 500 V., rms. 


Coil: Coil Resistance: up to 600 ohms. 


Type: Single winding, bobbin-wound. 


Wire: Heavy formex. by contact load). 


For full information on the CLARE Type T Relay 

—or for consultation on any relay problem—see your 
nearest CLARE Sales Engineer or write C. P. Clare & Co., 
3101 Pratt Blud., Chicago 45, Illinois. In Canada: 
Canadian Line Materials Ltd., Toronto 13. 

Cable Address: CLARELAY. 


Send for Clare Bulletin Number 117 


Release Ampere-Turns; 1 to 4 less than oper- 

Nominal Ampere-Turns for High-Speed 

Speed of Operation: will follow 2500 cycles per 
second; aperiodic to 1000 cycles per second. 


Operate Time: 100 to 180 microseconds. 
Release Time: 60 to 120 microseconds. 


Contact Current Rating: 0.05 amp., max. 


Contact Voltage Rating: 150 V., max. 


Life Expectancy: 5 x 10° operations (determined 


FIRST IN THE INDUSTRIAL FIELD —————> 


THE CLARE TYPE T 
High Frequency 
Impulse relay 


@ Shown above with dust-tight 
cover removed 
(left) ready for mounting. 





























_AMPHENOL 


‘OCTAL PLUG 
NO. 86CP8T 





TYPICAL CHARACTERISTICS 
Coil Resistance: 135 ohms. 


Coil Inductance: .35 Hy. 
Operate Current: 10 to 12 ma. 
Release Current: 8 to 10 ma. 


Nominal Current: 40 ma., steady state; 
20 ma., average. 


Operate Time: 130 microseconds. 
Release Time: 100 microseconds. 


Energizing Circuit: Coil in plate circuit of 
vacuum tube with 300 volt plate supply. 
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HOW CHACE THERMOSTATIC BIMETAL 


om CONTROLS THE 
Yuo = Classic 
THERMOSTAT 


2 


oe 


Product of Detroit Controls 
Corp., Detroit, Michigan 


The Duo-Classic Thermostat is a versatile temperature controlling 
mechanism used in conjunction with a Detroit Universal Control Panel 
to regulate the functions of Air Conditioning, Heating and Fan 
Operation at the flip of a single switch. This attractively-styled 
mechanism will accurately maintain a selected temperature to 
within a fraction of a degree to eliminate the waste and discomfort 
of over-heating or over-refrigeration. 


HOW IT WORKS 


Lever (A) selects the function to be controlled—Heat, Off, Constant 
Fan only (no heating or cooling), Cooling with constant fan, Cooling 
with automatic fan and Automatic Fan. When this lever is in “Off” 
position, all circuits are open regardless of temperature. Lever (B) 
is used to select the temperature at which the summer air conditioning 
unit should operate. Ambient temperatures above this setting cause 
Chace Thermostatic Bimetal elements (C) to deflect, making a circuit 
at contacts (D). Contacts are adjacent to permanent magnets which 
accelerate the contact cycle with a snap-action. The two-phase 
operation of the air conditioning control affords cut-in of compressors 
in sequence. Lever (E) controls burner operation in much the same 
manner. When the ambient temperature is in excess of the setting, 
the strip of Chace Thermostatic Bimetal (F) deflects to break the 
circuit, stopping furnace operation until ambient temperature drops 
to desired level. 


Write now for our free 36-page booklet, “Successful Applications of 
Chace Thermostatic Bimetal,”’ filled with design and application in- 
formation about the 29 different types of Chace Thermostatic Bimetal. 


W.M. CHACE CO. 


1608 BEARD AVE., DETROIT 9, MICH. 





sheet. Available in 3- and 4-pole com- 
binations, they feature brass housings 
for greater corrosion and shock resist- 
ance, and solder-loaded contact wells. 
Other design features, temperature 
range, and dimensions are included in 
the data provided. The Pyle-National 
Co. 


-ircle No. 176, Reader ju ervice Car 
preceding back cover 


FIBERGLAS-BASE VARNISHED FABRICS 
—Advantages of Fiberglas-base  var- 
nished cloth and tape for Class A, B. 
and H insulation systems are pointed 
out in a 4page folder. Data are also 
provided on the dielectric strengths of 
fabrics of various constructions impreg- 
nated with yellow varnish, black varnish, 
Teflon. silicone rubber and silicone var- 
nish. Owens-Corning Fiberglas Corp. 
No. 177, Reader Inquiry Service ( 


ng back cover 


REPRODUCTION MATERIALS — Com- 
plete with a 2-page materials selection 
chart, illustrated brochure describes all 
Kodograph materials available for the 
preparation and reproduction of draw- 
ings and documents. Representative of 
the films and papers described is the 
\utopositive paper for room light-han- 
dling, direct-to-positive printing. Films 
and papers for use with process cameras 
and contact printers are cataloged; 
chemicals developed for use with the 
line are reviewed. Graphic Reproduction 
Div., Eastman Kodak Co. 


Circle No. 178, Reader Inquiry Service Car 
prece jing ba I over 


SLIP RING ASSEMBLIES AND COMMU- 
TATORS—Featuring one-piece unitized 
construction, precision slip ring assem- 
blies and commutators, described in 4- 
page brochure, are available with 
diameters from 0.035 to 36 in. Newly 
developed manufacturing method is said 
to insure perfect concentricity and true 
dimensional accuracy. Special surface 
deposits prevent tarnish, and minimize 
friction, brush noises and wear. Electro 
Tec Corp. 


Circle No. 179, Reader Inquiry Service Car 
preceding back cover 





Postcard return cards are pro- 
vided on the page preceding back 
cover as a convenience to the 
reader in obtaining further in- 
formation on— 


New Components and Materials 
Literature for the Asking 
Feature Article Reprints 
Advertised Products 
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IDENTICAL AMPLIFIERS IN NEW PRECISION 
CATHODE-RAY OSCILLOGRAPH 


Yes, and also precision, simple operation, 
ruggedness, reliability, ease of maintenance all 
characterize the new Du Mont Type 340 which 
can well take its place as the oscillograph for 
those who require the best for their important 
studies. 


Identical amplifiers, unexcelled in other com- 
mercial instruments, make the Type 340 a 
powerful tool for measuring electrical phase or 
mechanical resonance. Controls can be adjusted 
for less than 1° relative phase shift between 


by Du Mont typified by: 


Type 330 
Type 300 


TECHNICAL SALES DEPARTMENT 
ALLEN B. DU MONT LABORATORIES, INC., 
760 BLOOMFIELD AVE., CLIFTON, N. J. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


@ Identical, sensitive X- and Y-amplifiers 
@ Amplifier response dc to 100 kc 

@ All potentials regulated for stability 

@ Hard-tube linear sweeps with beam gate 


™@ Mono-accelerator cathode-ray tube 


for distortionless presentation 


amplifiers below 100 kc. Distortion in ampli- 
fiers and sweeps is negligible. D-C stability sets 
new standards. Shifts in level are scarcely 
observable, even over long periods of operation. 
The Type 340 truly fits the needs of the 
discriminating engineer and scientist. 


For further information on the Type 340 
write to: Technical Sales: Department, Allen 
B. Du Mont Laboratories, Inc., 760 Bloomfield 
Avenue, Clifton, New Jersey. 


Type 336 CRO dc to more than 20 mc, high brightness 
Type 329 CRO dc to 10 me, high voltage 

Type 327 CRO dc to 5 mc, precision calibration 

Type 324 CRO microvolt sensitivity, de to 300 kc 
universal electronic switch: de to 15 mc 
precision time calibrator 


And now the Type 340 with identical amplifiers, dc to 100 kc — PRICE $335.00 


UT 


In less than a year you have seen a complete new line of precision instruments 
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VHS* RELAY 


(*Very High Sensitivity) 


Model 266 


Sample specs. are: | 
0.2 micro- 
amperes, (12,000 


i 
millivolts, (5 ohms.) ya 


ohms coil) or, 0.1 
@ The VHS is a balanced 
armature, Alnico magnet type 
relay. It is internally shock- 
mounted and resistant to 
vibration. The screw-on cover 
is gasket sealed. It can be opened and resealed. 


Connections: 9 pin octal style. Dimensions: 1% 
diameter x 2% long. Weight: 4 ounces. Sensitivity: 
Infinite variations from 0.2 Ua. to 10 Amp. or 
0.1 Mv. to 500 volts, self contained. Higher volts 
or amps with external multipliers. A.C. rectifier 
types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra- 
tion primarily depends upon sensitivity and type 
of action wanted. In general, the relays will not 
be permanently dam- 
aged by shocks of 
100 G‘s and vibra- 
tions up to 2,000 cps 
at 4 G's. The most sen- 
sitive relays may close 
their contacts under 
these conditions. 


Contacts: SPST or 
SPDT, 5-25 Ma. D.C. 
Other ratings to 2 
Amp. A.C. A locking 
coil gives high pres- — 
sure and chatter free + 
contact under shock : 
and vibration. 
Prices: $20 - $80. 
Delivery 4 to 6 weeks. 
Assembly Products, Inc., ~ 
Chesterland 14 Ohio. 






() 





Write for explanation of symbols 


SIMPLYTROL AUTOMATIC 


PYROMETER 





Coat. No. 4531 
Price $132.00 


0/2500° F. 


Thermocouple type Automatic Pyrometer for 
controlling temperature in furnaces, ovens, 
and processes. The Simplytrol is economical 
ond reliable with few moving parts. There 
are no vacuum tubes. The regular load relay 
is S.P.D.T. 5 Amps. Optional heavy duty 
relays to 40 Amps. 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F. 
“On & Off’ control for holding the desired 
temperature works on gas, oil or electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com- 
pensation. For use with all standard thermo- 
couples. Accuracy 2%. 


“Avto-Limit’’ switch changes Simplytrol from 
avtomatic controller to limit pyrometer for 
safety shut down or warning. Cabinet: 62x 
6%4x9'2 inches. Also flush panel mount models. 
Send for new Bulletin G-7 for more dato. 
Assembly Products, Inc., Chesterland 14, Ohio. 


Booth A-150, Instrument Show, Sept. 12-16, Los Angeles 
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Editorial Reprints 





\s manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints. without charge. 

The numerals shown in reprint list- 
ings correspond to the numbers shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 





Cost of 
Single Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 
l Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 

25 7.50 


12.50 








REPRINTS NOW AVAILABLE 


Correcting Meter Readings on Servo 
and Gyro Motor Tests, September 
1955, 8 pages. Corrections are in 
order when the power consumed by 
the meters is substantial compared 
to the motor loads, as in the case 
of small instrument motors. Forms 
developed at M.I.T. routinize the 
otherwise tedious calculations (228) 


Current-Rectifying Devices, Septem- 
ber 1955, 20 pages. As a selection 
guide, this comprehensive staff re- 
port has been prepared to provide 
the user with comparative operating 
data on all types of power rectifiers 
—vacuum, gas and mercury tubes; 
selenium and copper-oxide metallic 
rectifiers, and the newer germanium 
silicon types. (227) 


Wiring Harness Practices, July 1955, 
4 pages. Describes recommended 
practices for the layout, tieing and 
installion of wiring harnesses and 
shows how careful design can fa- 
cilitate testing and inspection and 
improve service reliability of equip- 


ment. (226) 


Principles of Electronic Circuit Pack- 
aging, August 1955, 12 pages. Based 


page. Readers should circle those num 
bers indicating the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities. 
special quotation. 


MULTIPLE REPRINTS (reprints o1 
compendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities. spe- 
cial quotations. These multiple, reprint 
are listed by titles, immediately follow- 
ing the single article reprint listings. 
Address: 


John A. Campbell 
Director Reader Service 
ELECTRICAL MANUFACTURING 
1250 Sixth Avenue 
New York 20, N. Y. 





on Signal Corps development con 
tract, the authors describe the de 
sign and application of four basic 
systems for circuit packaging and 
integration of printed wiring assem- 
blies, particularly applicable to auto 
matic production. Thermal dissipa 
tion is major design consideration. 

(225) 


European Developments in the Dielec- 
tric Field, August 1955, 8 pages. 
Report summarizes progress in ace 
tate paper, epoxy casting resins. 
epoxy-impregnated mica paper. 
polyurethane magnet wire enamel. 
and foam-type polystyrene, also de 
scribes special equipment for ex- 
truding helical multicolored poly 
vinyl chloride wire insulation. 

(224) 


Flexible Couplings for Motor Drives, 
July 1955, 8 pages. Operating prin- 
ciples and selection factors of some 
principal types are presented in this 
review. Many design variations are 
to be found in these basic types, 
all intended to compensate for lim- 
ited misalignment resulting from 
poor mounting of motor and driven 
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lightning 
made a 
direct hit 





Here’s where the action 
took place! This shows the 
transformer’s “‘safety 
valve” of National 
Vulcanized Fibre. Sleeve 
and threaded spiral insert 
—both supplied in the 
form of precision- 
fabricated parts—are 
constructed of this tough, 
arc-resistant cellulose 
material. Spiral con- 
struction of arc chute 
insert distorts, elongates 
and tames electric arc so 
that no damage is done. 
At the same time, heat 
causes the fibre to release 
an arc-quenching gas. 
Result: perfect safety for 
valuable equipment pro- 
tected by National 
Vulcanized Fibre. 


but couldn’t knock out the transformer 


how a National Vulcanized Fibre part costing only a few dollars saved 
a transformer worth thousands, and was ready to go to work again 


Lightning blasted this line pole like an exploding bomb— 
but left the Westinghouse distribution transformer undamaged. 


There wasn’t even a minute’s interruption in the flow of current. 


Reason: National Vulcanized Fibre. A diffuser assembly of this 
tough arc-resistant material in the transformer’s lightning arrestor by- 
passed the tremendous surge of voltage—tamed and quenched the are 
—dissipated the heat and discharged the gases of the arc harmlessly. 


It cost the power company only a few dollars to safeguard equip- 
ment worth thousands. And there’s your clue to safety and savings in 
power switching equipment and thousands of other electric 
applications. Fine electrical properties and mechanical 
toughness—excellent machinability —unusual formability —light 
weight— great resistance to heat, shock and abrasion— National 
Vulcanized Fibre has them all. And you get them at low cost! 


Somewhere in your products or your processing, there’s a use 
for versatile, economical National Vulcanized Fibre. Let’s 
Photo courtesy of explore the possibilities together. Technical and descriptive 


Westinghouse Electric Corp literature and application assistance for the asking. 
/ 
/ 
Send for 
your free aD 
rls NATIONAL 
oe / VULCANIZED FIBRE co. 
today. WILMINGTON 99, DELAWARE 
Address 
Dept. A-8. In Canada: National Fibre Company of Canada, Ltd. « Toronto 3, Ont. 
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“7 E . | member, wear, thermal distortion 
ese lectrical and load deflection. (223) 
| Design of D-C Tractive Electromag- 

L - A K A G bE « 5 ae Oo RT S | nets, July 1955, 12 pages. Simplified 
method for designing electromag- 

nets using curves plotted from data 

ra R a A K D Oo W N on variety of practical magnets. 


Intended for the occasional de- 
with 


signer. Typical problem is solved. 

66 | (222) 
9 % | Relays in Electron Tube Circuits, July 

1955, 8 pages. Describes how relays 

are used in conjunction with vacu- 


JUNIORS um and gas-filled electron tubes to 
obtain advantages of both. Typical 


4 i G a Pp 0 T E fe T i A L circuits are discussed. (221) 
T fF $ T } be G | Effects of Water Immersion and Hu- 


midity on Thermosetting Laminates, 


j he $ T R U ME NT S | July, 1955, 12 pages. Results of 


evaluation program, including 






Write for 
Bulletin 4A 


a ONLY ONE instrument necessary to make @ VISUAL INDICATIONS from neon lights graphs and tabular data by Mate- 
high potential tests for leakage, break- give positive test results. Audible test indi- rial Laboratory, New York Naval 
down or shorts! cation for leakage also available. M 


Pico 1. z 7 
@ PORTABLE, with rugged steel case. . Shipyard, on Navy grades of phen 


Scalia haces dencaien’ "  @ RANGES 0-1500 to 0-6000 V.A.C. output. olic, glass-laminate and _glass-sili- 
UE hs tas cnlth anetneted tet neds Other “Hypots” to 50,000 V.A.C. output | cone laminates under various test 

shielded high voltage, grounded case! teeta conditions. (220) 
@ SIMPLE — only three easy steps to make a @ WRITE for complete data on “HYPOTS” 


Printed Circuits Have Versatility Plus, 
| June 1955, 8 pages. Review of 
printed circuit applications outside 
| 


é complete test! for your jobs. 


LVSTOAEVE AIM tae Ta) 


of the strictly electronic field. 

Switches, strain gages, inductors 
Precision Instruments Since 1936’ wz. cot~pota a and transformers, airplane deicers 
3794 WEST BELMONT AVENUE + CHICAGO 18, ILLINOIS | — 2" wiring harnesses using this ver- 
25 A | satile construction method are dis- 
cussed. (219) 


Application Factors for Two-Phase 
Servo Motors, June 1955, 12 pages. 
Discussion of the operating charac- 
teristics and the principles of opera- 
tion of two-phase induction motors 
used as control elements in feed- 
back systems. A minimum of math- 


€ ) 
ay ematical analysis is employed. (218) 
: Impact of High-Energy Radiation on 
Dielectrics, June 1955, 20 pages. 
In a special staff report basic facts 


+6 that co nfo rm to of high-energy radiation are given; 

fe ° research programs are summarized; 
yo ur Specificat vons specific ailiisndinaee data on 
various dielectric materials are tab- 
ulated; design factors and_tech- 
niques are analyzed. Overall im- 
pact of nuclear power and radio- 
active devices on design is dis- 





S.A’ he 


[iim mwas 





















cussed. (217) 

; Progress in Electron Tube Reliability, 

ey May 1955, 12 pages. Report on 

Whether you need porcelain, re- work with you. means used to determine tube de- 
fractory, steatite or filter body parts When you need ceramics, send us ficiencies in variety of difficult ap- 





— Wisconsin Porcelain Co.’s 36 a sample or blueprint and tell us 
years of experience and highly de- your requirements. We will be glad 





plications and how numerous de- 







veloped manufacturing processes as- to quote prices and delivery. sign changes affected much im- 

sure quality and uniformity. _ Serving Electrical and Electronic provement. (216) 
These precision made ceramics are Industries since 1919. 

especially adapted to automatic or Guided Missiles Make New Demands 

semi-automatic assembly processes — W i g C o pe a { ad 






or wherever the requirements are on Relays, May 1955, 12 pages. 


exacting. PORCELAIN @ COMPANY | Report on the Third National Con- 


If you have a special insulation 115 Market St. ference on Electromagnetic Relays 
problem — let our ceramic engineers Sun Prairie, Wisconsin * Chien i. ae oe College 
: ol stresses the rugged environments 
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International Rectifier Corporation 


proudly presents 


International 






sermanium power 


rectifiers! 





Ni mi lyme 
ay MMe em Clee 


1 M))/ |) 






@ High efficiency... up to 97% 
eee SMa rams lge) 
e High reverse to forward ratio 
OMe meee eae Ole). 
@ Unlimited life expectancy 
Cee 

26 to 66 AC input volts per junction 
150 to 100,000 amps DC output 
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MODEL S-12-B 


USES ONLY 7” 
OF STANDARD 
RELAY RACK 


ANOTHER EXAMPLE of Weizmann PIONEERING... 


The S-12-B RAKSCOPE is a rack mounted, JANized (Gov’t Model No. 
OS-11) version of the famous WATERMAN S-11-A POCKETSCOPE, with 
the addition of a triggered sweep and a special calibrating circuit for rapid 
frequency comparisons. The entire oscilloscope is built to occupy but seven 
inches when mounted in a standard relay rack. The vertical and horizontal 
amplifiers are identical, having sensitivities of 0.05 Volt rms/inch and fre- 
quency responses which are flat within —2 db from DC to 200 KC. These 
features permit observation of low frequency phenomena without undesirable 
trace bounce. The sweep rate is continuously variable from 5 cycles to 50 KC 
in either the triggered or repetitive mode with synchronization polarity 
optional. The return trace is blanked. Because provisions are made for apply- 
ing input signals from the rear, as well as the front, the S-12-B is the ideal 
combination, systems monitor and trouble-shooting oscilloscope. Investigate 
the multiple applications of this instrument as an integral part of your “‘rack 
mounted” projects. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 

elie iiiind artretin be WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPE® 

$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipmen’ 















a 
WATERMAN PRODUCTS 





imposed by guided missiles and 
notes status of standards move. 
ment. (215) 


High -Potential Dielectric Strength 


Testing, May 1955, 12 pages. De. 
scribes how hi-pot tests can be 
made a useful tool in design and 
development; the advantages and 
disadvantages of different types of 
tests, and the variety of instruments 
available. (214) 


Transistor Switches Improve Mag. 


netic-Amplifier Performance, April 
1955, 8 pages. Transistor rectifiers, 
employing a new mode of operation 
resembling that of a mechanical 
rectifier, provide the desirable com- 
bination of low leakage and low 
forward drop. (218) 


Miniature Photocells, April 1955, 8 


pages. Review of commercially 
available cadmium sulfide and lead 
sulfide photoconductive cells. They 
are virtually insulators in darkness 
and conductors under light by a 
factor of 100,000. Very small 
quantity needed for useful photo- 
cell. (212) 


Embedded Circuits and Components, 


April 1955, 16 pages. Growing field 
of applications of epoxy resins for 
embedment and encapsulation is 
reviewed in a staff report. Case- 
history illustrations and results of 
resin-evaluation programs. (211) 


Soldered Connections, November 


1954, 4 pages. Repeated requests 
for quantity reprints of this practical 
article on soldering methods and 
the recognition of common defects 
led the editors to make copies avail- 
able on individual request. (210) 


Practical Approach to Magnetic-Am- 


plifier Design, March 1955, 12 
pages. A method is described in 
step-by-step detail for designing 
magnetic-amplifier circuits without 
resorting to complex mathematical 


procedures. (209) 


Wafer-Coil Technique for Transform- 


ers, February 1955, 4 pages. Slit 
rolled foil method eliminates many 
hand operations in transformer pro- 
duction. Conductors may be equiva- 
lent to very fine wire. (208) 


Stainless Steel Finish Effects, January 


1955, 8 pages. Mechanical and 
chemical treatments can modify ap- 
pearance of the standard mill fin- 
ishes obtainable on stainless sheet 
and strip. (207) 


Nomographs as Engineering Work- 


sheets, January 1955, 8 pages. Re- 
view of nomograph fundamentals 
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NCR mC ees) me 
our booklet—“Science and 
Skill in Sheet Metals.” 

it illustrates many jobs 
produced for G. P. & F. 
PoC Ae Le bong 
Teer eeu ee me) 
me Ome e 


Height, 2/2’”” 


eS 


(Also ryer sy 


GEUDER, PAESCHKE & FREY ce... 1525 W. St. Paul Avenue, Milwaukee 1, Wisconsin 


READER INQUIRY SERVICE CARDS, 


PRECEDING 


BACK COVER 











~ SKILL... MEN... MACHINES... 


\ \gh complete finishing and assembly facilities 


Do you havea metal product—or a part of a product— 
that has to be stamped or drawn? Then it’s time to 
take a good look at what G. P. & F. has to offer. We 
have the manpower, the machines, the facilities. We 
can handle your complete job from start to finish— 
relieve you of production details and responsibilities 
—even package and ship your finished product, if 
you wish. The booklet shown on the left tells the 


complete story. Write for it today! 


_ Here are jus 
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every indication points to 


ELINCO 


SELF-SYNCHRONOUS 
/ UNITS 


i ~ s ee ee en 










\ for remote 


indication 


and control of 






FLUID LEVEL ee 
/ DIFFERENTIAL MEASUREMENT 


i POSITION 
MOTION ANGULAR DISPLACEMENT 





PRESSURE 


f ‘\ 

é 
Cost-saving Elinco Commercial Type Units are right by every indication 
— just what you need for day-in-day-out use, or for special indicator- \ 
control applications — yet you save up to half the usual cost with Elinco —— \ 


/ *Motors and Generators for direct “back-to-back” indicator installations ™e. 
. *Resolvers for use in torque amplification and servo control systems 
where extreme accuracy is not required 
*&Phase Shifters where “sensing” must be expressed as a phase relationship 
*Rotatable Transformers where rotor displacement varies voltage 
output, for process control and similar applications 


FEATURES AND SPECIFICATIONS — Every Elinco unit is a precision 
instrument manufactured to highest standards, 100% electrically tested, 
individually balanced dynamically and statically, and carefully pro- 
duced under step-by-step quality control of all components. 


Torque at Torque Gradient 
Max. Phase within +10° 
Type Dimensions Accuracy Displacement Displacement 
Midget 22" dia. x 3” 3° 2.5 oz. in. .03 oz. in./deg. 
FB 2/2" dia. x 4” > 4.2 oz. in. .053 oz. in./deg. 
A 33@" dia. x 64%" i 18.0 oz. in. .28 oz. in./deg. 


All above types have 115-volt, 60-cycle primaries, 34-volt secondaries. 
Special units can be supplied with accuracies, torques, and electrical 
characteristics to order. 


When you specify Elinco Self-synchronous Units, you not only save 
substantially, but you receive units made by specialists with years of 
experience producing instrument-type rotary electrical equipment, 
outstanding for efficient design, precision, and quality. Send us your 
specifications . .. let us go to work for you now. 


COMMUTATOR MOTORS % AC MOTORS % AC and DC GENERATORS % SPECIAL ROTARY UNITS 


Custom manufactured in a variety of types to meet individual specifications 
for precision instrument and control applications. Write for catalogs. 


ELECTRIC INDICATOR COMPANY, INC. ‘ry Ih 
105 Camp Avenue + Springdale, Connecticut | | 
ee ee ees 











and use. Also, a nomograph for de- 
termining if effort of making nomo- 
graph for a particular problem is 
justified. (206) 


New Molding Processes for Printed 


Resistors and Capacitors, Combined 
16-page reprint of two-article series 
appearing in the January 1955 issue 
and the February 1955 issue (com- 
pression-molded capacitors). Tech- 
niques developed at the Diamond 
Ordnance Fuze Laboratories are de- 
tailed and characteristics of printed 
units described. (205) 


Research Progress in Dielectrics 1954, 


December 1954, 12 pages. First 
hand summary and interpretation of 
Conference on Electrical Insulation 
reported each year by ELEcTRICAL 
MANUFACTURING. (204) 


Applying A-C Solenoids, November 


1954, 8 pages. Describes three 
methods of measuring pull, design 
modifications to minimize mismatch 
in loading, how to overcome resid- 
ual magnetism, duty-cycle opera- 
tion and derating for 25-cycle use. 

(203) 


Noise Measurements, November 1954, 


12 pages. Review of the funda- 
mentals of sound and noise meas- 
urements with particular reference 
to the development of a test code 
for unit heater fans. (202) 


{Insulation Classification, November 


1954, 12 pages. A _ classification 
table for insulating materials is in- 
cluded in the report, “International 
Standards for Insulation, Motors, 
and Components,” covering the 
1954 meeting of the _ Interna- 
tional Electrotechnical Commis- 
sion. (201) 


Multiple Reprints 


Applying Magnetic Amplifiers, 72 


pages. Multiple Reprint No. 1A. 
Second edition of this popular 
booklet has been expanded to in- 
clude more recent feature articles 
in addition to the series by Dorn- 
hoefer and Krummenacher. For an 


annotated list of contents see Jan- 
uary 1954, page 286. $2.00 


Designing Servomechanism Systems, 


96 pages. Multiple Reprint No. 3. 
Thirteen feature articles or related 
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Dobeckmun ||: | | 
creates... 


: 





barrier materials that keep protection in and corrosion out 


Flexible barrier materials that perform all sorts of protective functions have greatly widened the field of indus- 
trial packaging. And, whatever the job of protection, Dobeckmun can create the right combination of flexible 
materials—plastic films, foils, papers, cloth—to carry it through successfully. Dobeckmun materials keep 
preservatives IN ...corrosive vapors and moisture OUT. Take Dobeckmun’s M etalame—perfect package 
protection for a component or a large assembly, maintaining a totally dry atmosphere. Take Dobeckmun’s 
Benbar ...it’s grease and oil resistant, holds those protective coatings in place. And so on down the line of 
Dobeckmun’s special combinations for special jobs. For samples and data, write: 






€ ckmun Comp ANY, Box 6417, Cleveland 1, Ohio 
Laminating... Plastic coating ... Slitting... Printing of flexible papers, foils, films and cloth 
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circuit protection 


* Overload Protection 
* Over Voltage Protection 
Under Voltage Protection 


Low Frequency Protection 
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with new 


EX) thermal 


sensing relays 






G-V Sensing Relays operate contacts when 
current or voltage to their heaters exceeds 
or drops below the operating point. 


Ma oe 
tape a 


tae 


Operating quickly on heavy changes but 
tolerating slight changes until they 
become dangerous, the G-V relay 
provides better protection for your 
valuable equipment. 


Yee rmc-? 
alee ea ee 
SET FoR-30° 
G-V sensing relays can be selected 
with a response rate paralleling the 
action of your equipment. 


coe vas Ng 
oY eel sod 


T oRanct 
Pr 


Meets Military Requirements 


Hermetically Sealed Miniature Size 





Light Weight 
Currents .015 to 5 Amps—Voltage I to 230 Volts 


White for Engineering Assistance and 


complete technical Data. Ask for Publication 70. 


G-V CONTROLS INC. 
8 Hollywood Plaza 
East Orange, New Jersey 
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| phases of design of feedback con. 
tro] or servo systems and servo ap- 
plications, including the series of 
four articles by Herst. For a com- 
plete list of the contents of this 
booklet see April 1954, page 358. 
$2.50 


Printed Circuits, 71 pages. Multiple 
Reprint No. 8. Selection of 14 
articles dealing with mechanized 
wiring techniques, beginning with 
silk screen printing of radio cir- 
cuit elements on ceramic plates. 
Other processes described include 
stamped wiring, and sprayed metal- 
plated and etched circuits and as- 
sociated assembly methods. For an- 
notated list of articles see page 332 
of the June 1954 issue. $2.00 


Multiple Reprints at 
Quantity Prices 

Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 

Title 5 25 
Servo System Design 1.25 1.00 
Magnetic Amplifiers 1.35 1.10 
Printed Circuits 135 1.10 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company. 


Postcard return cards are pro 
vided on the pages preceding back 
cover as a convenience to the 


reader in obtaining 


New Components and Materials 
Additional data from the sup- 
plier of any item reviewed. 

for the 


Literature Asking 


A copy of any manufacturers 


publication reviewed. 


Feature Article Reprints 


Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod- 


uct or service described 
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m2 WING NUTS 
Think of. CENTRAL 


PRECISION PRODUCTS— The many variations of Central 
(patented) Wing Nuts meet the demand for manual adjust- 
ment methods of assembly. Made of steel or brass with ample 
wing spread and base areas, they are threaded to spin on and 
grip securely. 


=- <- SALES ENGINEERING — The Central factory-trained man in 
O your territory knows hundreds of case histories on the advan- 
tageous use of Central Stamped Wing Nuts. Chances are, he 
can point to concerns of your type and size now using them 
efficiently and profitably. Central also produces pressed wing 
nuts in four standard patterns, brass or steel, with standard 

threads. 


3 COMPLETE FACTORY STOCKS--Central Stamped Wing 
Nuts and all items in Central’s most complete line of standard 
fasteners are carried in stock at the addresses shown. Write 
—wire—phone—teletype for quick deliveries now. 


CHICAGO, ILL. 


‘You Can Depend on Central’’ 


Mee ah 


3501 SHIELDS AVE., CHICAGO 9, ILLINOIS 
3028 —. ELEVENTH ST., LOS ANGELES, 23 CALIF. © 149 EMERALD ST., KEENE, N.H 
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Mi) arity t 
TCT) 


HSS 


... therefore PRD Type 808 has long life 
and withstands extreme shock 
and vibration 


—feeds d.c. controlled magnetic ampli- 
fier from a.c. source 


—drives d.c. meter from an a.c. source 


—operates polarized and non-polarized 
d.c. relays 


—indicates phase angle between two 
voltages 


—can be used as a lead network in 
stabilizing servo systems 


Specifications 


Power supply, 115v, 60-5000 cps 

Low drift, 1% of full output 

Maximum output, 5 mw 

Amb. temp. range, —55 to +85°C 

Output impedance, 3000 ohms 
resistive 

Input impedance, 15,000 ohms re- 
sistive in shunt with load 

Weight, only 6 oz. 

Hermetically sealed case, only 
1.9” x 1.7" x 2.4" 


Transfer Characteristics 






40 
Volts AC 


Write for 
technical 
data sheet 


DEVELOPMENT CO -INC 


“y 202 TILLARY STREET 


BROOKLYN 1, NEW YORK 
Telephone: ULster 2-6800 
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ASME To Celebrate Diamond Jubilee 
In Chicago 


Special features commemorating the 
75th anniversary of The American So- 
ciety of Mechanical Engineers are being 
planned for its six-day Diamond Jubilee 
Annual Meeting, which will be held 
Nov. 13-18, at the Congress, Conrad 
Hilton and Sheraton-Blackstone Hotels, 
Chicago. 

ASEM conferees will hear and discuss 
more than 300 technical papers, at 110 
sessions covering such subjects as ma- 
chine design, rubber and _ plastics, in- 
struments and regulators, hydraulics, 
and metals engineering. 

The American Rocket Society, an af- 
filiate of ASME, which is celebrating 
its 25 anniversary this year, is holding 
its sessions within the ASME meeting. 

The Chicago Section of the Society is 
playing host to the Society, and has 
arranged a diversity of events, includ- 
ing a dinner and pageant highlighting 
ASME milestones from 1880 to the 
present. 

At a special Honors luncheon five 
major joint engineering awards will 
be conferred. These are: The Hoover 

| Medal, to be awarded to Charles F. 
Kettering; the John Fritz Medal, which 
will ke bestowed on Philip Sporn; the 
Elmer A. Sperry Award, to William F. 
|Gibbs; and the Henry L. Gantt Memo- 
|rial Medal, to Walker L. Cisler. Reci- 
pient of the Daniel Guggenheim Medal 

| is still to be announced. 

| Feature of the anniversary celebration 
will be the “Exposition of Power and 
Mechanical Engineering” at the Chicago 
Coliseum, November 14-18, which will 
be held under the auspices of ASME. 
A new section on atomic power will be 

| one of its major attractions. 


IDI Symposium To Evaluate 
Current Design Trends 


Taking as its theme, “Towards New 
Dimensions,” the Southern New Eng- 
land Chapter of the Industrial Design- 
_ers’ Institute will consider at the 
| Second IDI Symposium the impact on 
| industrial design of current trends in 
| engineering, science, and the industrial 
scene. 

| The meeting, which will be held 
| Saturday, October 1, at the Silvermine 
| Guild, Norwalk, Conn., will hear Frank 
J. Oliver, editor, ELectricaL MANu- 
| FACTURING, and vice president, The 
Gage Publishing Company, discuss 
“The Engineer-Scientist.” His talk will 


point out how the development of the 
atom bomb has brought the scientist 
and engineer together on a working 
level for the first time, with a change 
in thinking, both in education and in 
industry, that is opening up whole new 
horizons in materials and in engineering 
design thinking. 

Among other speakers will be Dino 
Olivetti and Edward de Robert, Olivetti 
Corporation of America, who will dis- 
cuss “The Olivetti Story.” 

“Lightweight Metals—Their Design 
Potential,” will be the subject of a talk 
to be delivered by Frederick J. Close, 
Aluminum Company of America, who 
will discuss the design techniques, 
limitations, best performance range, and 
unusual properties of lightweight 
metals not generally recognized. 

Harvey Brooks, Division of Applied 
Science, Harvard University has select- 
ed for his subject, “Nuclear Energy 
and Its Effect on Design.” Factors in- 
fluencing design and best areas for 
design development are among the sub- 
jects he will consider. 

Roger L. Nowland, Nowland and Co., 
Inc., will discuss the interrelationship 
between the forces working in the in- 
dustrial market and the contribution 
required from industrial design to ful- 
fill its part in controlling some of these 
forces. 


IRE-AIEE Sponsor Industrial Electronics 
Conference 


Sixteen papers have been scheduled for 
the four technical sessions planned for 
the Industrial Electronics Conference- 
1955, to be held at the Rackham Me- 
morial Auditorium, Detroit, Sept. 28-29. 
The Conference is being sponsored 
jointly by the Michigan Section of the 
American Institute of Electrical Engi- 
neers, the Professional Group on Indus- 
trial Electronics of the Institute of Ra- 
dio Engineers and the Detroit Section 
of the IRE. 

New control system applications, au- 
tomation, and related problems will be 
discussed at the two-day Conference, 
which will consider: Electro-optical De- 
vices and Applications; Measuring and 
Recording Instruments and Applica- 
tions; Process Control and System Anal- 
ysis; and Automation and Machine Tool 
Control. 

The program will include such papers 
as: “Two-Motion Duplicator for Ma- 
chine Tool Control,” by A. J. Carr, Jr., 
Raytheon Manufacturing Co.; “A Nu- 
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Sept. 6-17—National Machine 
Tool Show and Production Engi- 
neering Show. National Machine 
Tool Builders’ Association; Inter- 
national Amphitheatre and Navy 
Pier, Chicago. 


Sept. 6-17—Metalworking Ma- 
chinery & Exposition; Chicago 
Coliseum, Chicago. 


Sept. 12-16—Tenth Annual Con- 
ference and Exhibit; Instrument 
Society of America; Shrine Ex- 
position Hall and Shrine Audito- 
rium. Los Angeles. 


Sept. 19-22—Tenth Anniversary 
National Meeting; Society of In- 
dustrial Packaging and Materials 
Handling Engineers, Kingsbridge 
Armory, New York City. 


Sept. 26-27—Symposium on 
\utomation; Radio-Electronics- 
Television Manufacturers Asso- 
ciation, Irvine Auditorium, 
University of Pennsylvania, Phila- 
delphia. 


Sept. 28-29—Industrial Electron- 
ics Conference; American Insti- 
tute of Electrical Engineers, and 
Professional Group of Industrial 


Electronics of IRE; Rackham 
Memorial Auditorium. Detroit, 
Mich. 


merically Controlled Can Milling Ma- 
chine,” by E. C. Johnson, Bendix 
Aviation Corp.; and “A Frequency- 
Modulated Magnetic Recorder,” by 
Walter Richter, Cutler-Hammer, Inc. 

Registration fee is $2.00 to members 
of the IRE and AIEE; $3.00 to all 
others. Information concerning advance 
registration and hotel reservations may 
he obtained from Guido Ferrara, 8106 
West Nine Mile Road, Oak Park 37, 
Mich. 


Dry Battery Manufacturers Organize 


Nine dry battery manufacturers met in 
New York in August for the purpose 
of organizing a Dry Battery Section in 
the National Electrical Manufacturers 
Association. 

Abraham I. Barash, Bright Star In- 
dustries, Clifton, N. J., was elected 


Calendar of Meetings 


Sept. 29-Oct. 1—Annual Meeting, 
Standards Engineers Society; 
Hotel Statler, Hartford, Conn. 


Oct. 1—Second Annual I. D. I. 
Symposium; Southern New Eng- 
land Chapter of Industrial De- 
signers’ Institute, Silvermine 
Guild, Norwalk, Conn. 


Oct. 3-5—National Electronics 
Conference; National Electronic 
Conference, Inc., Hotel Sherman, 
Chicago. 


Oct. 3-7—Fall General Meeting; 
American Institute of Electrical 
Engineers, Morrison Hotel, Chi- 


cago. 


Oct. 10-12 — Joint Lubrication 
Conference; Lubrication Activity 
Committee of ASME and Amer- 
ican Society of Lubrication Engi- 
neers, Antlers Hotel, Indianapolis, 


Ind. 


Oct. 11-13—Conference on Air- 
craft Electrical Equipment: 
American Institute of Electrical 
Engineers, Los Angeles, Calif. 


Oct. 17-19—Conference on Elec- 
trical Insulation; National Re- 
search Council, Pocono Manor 
Irin. Pocono Manor. Pa. 


chairman; Fred J. Kirkman, Burgess 
Battery Co., Freeport, Ill. was elected 
vice president; and F. J. Wolfe, Na- 
tional Carbon Co., Cleveland, was 
chosen chairman of the general en- 
gineering committee. 


J). W. Barker Nominated for 
ASME Presidency 


Joseph W. Barker, chairman and presi- 
dent of the Research Corp., New York. 
has been nominated to serve as the 
next president of The American Society 
of Mechanical Engineers. Mr. Barker 
will take office at the Society’s annual 
meeting in Chicago this fall, after 
letter-ballot approval of ASME’s 40,000 
members. 

The Nominating Council of the organ- 
ization also submitted the names of 
four men to take office as regional vice 
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CHANIN BUILDING — 


A MARK 


to 


Remember 





For over three quarters of a 
century, the Seymour trade mark 
has been a symbol for the finest 
quality NICKEL SILVER — PHOS- 
PHOR BRONZE — BRASS — 
NICKEL ANODES — BRIGHT 
NICKEL PROCESSES — WELD- 
ING RODS and other non-ferrous 
products. 


It has also been a symbol for 
Seymour SERVICES — speedy, 
same-day acknowledgment of 
orders and _ inquiries — expert 
engineering and metallurgical 
help in selecting and specifying 
non-ferrous metals for special 
applications. 


Fine, dependable products and 
fast, friendly service... these 
are the qualities which have 
made the Seymour sunburst a 
trade mark to remember. 


In the months ahead you will 
see and hear a lot more about 
Seymour and the products it 
manufactures. The news will 
come from Seymour distribu- 


tors and Seymour represen- 
tatives. 


Watch for it. Listen for it. 
MARK IT WELL! 





THE SEYMOUR MFG. CO. 
500 FRANKLIN STREET 
SEYMOUR, CONN. 

NEW YORK SALES OFFICE: 


309 


CABLE, SEYMOURCO 

















recone 


<—_ MODEL B MOTORS 
Pid 
FOR HOUSEHOLD FANS! 


Quality — performance — economy! That's the 
combination you need to stay ahead in today’s 
highly competitive fan market. Our Model “B” 4-Pole, 4-Coil 
motor was designed specifically for household fan applica- 
tions. Tested and proved in the field, its smooth, quiet, 
trouble-free performance has won it the enthusiastic approval 
of leading manufacturers everywhere. The Model “B” features 
self-aligning, self-lubricating bronze bearings; dynamically 
balanced rotor; baked varnish-impregnated windings; ample 
oil reservoir located for easy lubrication. See table below for 
size range (modifications available, in production quantities, 
of course). Write today for complete specifications and prices. 





R Z Watts | Amps 
pane 1500 | 1500 
Torque RPM | RPM 





NOTE: Direction of rotation when looking at end of shaft. 
CW indicates Clockwise. CCW indicates Counter-clockwise. 


cP we GENERAL INDUSTRIES <o 





DEPARTMENT GL « ELYRIA, OHIO 
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presidents. They are: Charles E. Crede, 
Barry Controls, Inc., Watertown, Mass. : 
Frank W. Miller, Yarnall-Waring Co. 
Philadelphia; Albert C. Pasini, The 
Detroit Edison Co.; and Bryan T. Me- 
Minn, professor of mechanical engineer- 
ing, University of Washington, Seattle, 

Mr. Barker will continue in his 
present post as head of Research Corp., 
which is a nonprofit foundation estab- 
lished to make grants-in-aid for 
scientific research, particularly to small- 
er colleges and universities. He is 
also chairman of the board of the cor- 
poration’s wholly owned subsidiary, 
Research-Cottrell, Inc., and current 
president of The Society of The Sigma 
Xi, national scientific association. He 
is also active in industry and education. 


RETMA Releases Program for Automatic 
Control Symposium 

A tentative program of five sessions is 
being planned for the two-day Sym- 
posium on Automatic Control, to be 
held Sept. 26-27, at the University of 
Pennsylvania, Philadelphia. 

Sponsored by the engineering depart- 
ment of the Radio-Electornics-Tele- 
vision Manufacturers Association, the 
Symposium has as its theme: “Elec- 
tronics for Automation and Automation 
for Electronics.” 

More than 12,000 engineers and other 
specialists are expected to attend the 
sessions, which will hear papers on: 
Mechanization for High Volume As- 
sembly; Data Sensing, Processing and 
Utilization; The Future of Automation; 
and Automation for Low Volume Pro- 
duction. The final session will consider 
the problem of Redesign for Automation 
for Components and Products. 

Registration fee is $3.00. Further in- 
formation may be obtained from the 
RETMA Engineering Department, 11 
West 42 St., New York 36. N.Y. 


Nuclear Engineering Congress to Review 
Peacetime Applications, Display New 
Equipment and Materials 
U. S. and foreign engineers, scientists 
and industrial representatives from 24 
business and technical societies, 16 uni- 
versities, 13 government bureaus and 
AEC contractors. as well as from 34 
major U. S. industrial corporations, will 
present nearly 300 papers in 50 sessions 
at the Nuclear Engineering and Science 
Congress. Cleveland Public Auditorium, 
Cleveland. December 12-16. 

Concurrently, leading U. S. and 
foreign industrial firms harnessing the 
atom for industry and other peacetime 
applications will display their equip- 
ment in the first International Atomic 
Exposition in the Cleveland Public Au- 
ditorium’s five exhibit halls. 

The Congress is the joint effort of 
scientific participating groups having 
a total membership of over 400,000. 
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NewC-D-F 
Plastic Spiral Tubing 
reduces unit costs, 
improves products 


eo 












)- . 
- Using C-D-F’s new Spiral Tubing is a way of sa -ing money 
in buying electronic insulation ... without lowering the 
2 electrical and mechanical characteristics of the partrequired. 
Is This special tubing is a high-strength plastic made from 
i paper or vulcanized fibre that is spirally wound. It is avail- 
able in two basic forms in various grades: (1) as plain 
ey untreated tubing. (2) as impregnated tubing containing 
nt various types of thermosetting insulating varnishes. 
- BUY ONLY THE PROPERTIES YOU NEED 
le Spiral Tubing can be used to replace rolled or molded 
n. ; laminated phenolic tubing in many cases. As the degree of 
ry moisture resistance and mechanical strength is established 
. — during the manufacturing process, you specify... and 
” “a . ome buy ...only those properties required for the application. 
ia ta C-D-F also offers complete designing, machining and 
7 assembly. You can get finished components, or random 
length tubing, with fast deliveries. Write for Technical 
Mm: C-D-F SPIRAL TUBING offers many advantages to the Folder ST-53 and samples, after checking our catalog in 
be cost-conscious design engineer and _ purchasing Sweet’s Design File. Call the C-D-F sales engineer listed 
of | agent. It is low-cost, moisture-resistant, high- there—he can save you time and money immediately with 
| strength, and easy to fabricate. It has sufficiently C-D-F Spiral Tubing! 
rt- low dielectric loss properties and good dielectric 7 ? o 
strength for many applications. 7 ® 
he “Stitt 
he | 
_ CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BU COMPANY, INC. 
on NEWARK 1/3, DELAWARE 
her 
the 
ym: ' 
As- 
ind 
on; 
ro- 
der 
‘ion 
in- 
the | 
11 
A VERY HARD TUBE is supplied in C-D-F Grade 6A. The parts THIN-WALL SPIRAL TUBING has good concentricity and is tough. 
shown have maximum mechanical strength, lowest water Note thin wall construction, cleanness of machining, variety 
iad absorption rate under immersion conditions and most stable of shapes. C-D-F Spiral Tubing is easily machined, formed, 
dielectric loss properties. Fine for bushings and cores. punched. Made in many grades for special applications. 
tists | 
1 24 
uni- 
and | 1g 
n 34 } 
will Si 
. . 
sions Bs 
ence < 
rium, | 
and 
x the | 
etime 
quip- _ is wil 
tomic NEW CONSTANT TORQUE TUBING, for permeability tuning with HARD OR SOFT, square or rectangular coil-form tubing is made 
e Au- iron cores, features exact internal threading with three point for solenoid and transformer applications. Sides are straight 
suspension of the core to prevent binding... no external with minimum gap in paper winding. Supplied in soft, var- 
tt of & embossing to lower dielectric strength. Write for samples. nished kraft, or hard, rigid tubing. 
aving 
100. 
' 
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REGOHM 
COIL 


Extend Vacuum Tube Life and reduce maintenance 


with Regohm DC Filament Voltage Regulation 


Successful field tests by engineers of one 
of the leading communications systems 
led to their using REGOHM to regulate 
filament voltage and prolong vacuum 
tube life in mobile telephone systems. 
You will find it profitable to do the same 
with your vacuum tube system. Rugged 
and compact, with life, 
REGOHM’S low cost is quickly returned by 
longer trouble-free tube life and reduced 
And REGOHM requires no 


long service 


service costs. 
maintenance. 

When filaments are operated above 
trouble follows. A filament 
operating at 10% above rate ‘d voltage op- 
erates on borrowed time. Its life is only 
one-third as long as it might be with con- 
stant voltage. The same life or death sta- 
tistics apply to other type filaments; with 
coated filaments, the 
material may be boiled off and deposited 
on other tube elements and affect per- 
formance. 


rated volt: ge, 


electron-emitting 


Variable power-source voltage can be 
held to a constant by using REGOHM in 
the type system shown in the schematic. 
The REGOHM signal coil directly senses 
filament voltage while finger contacts 
automatically insert resistance in 
with the input line, 
stant voltage. 


series 


maintaining a con- 
















With Regohm you get these 
advantages: 

Sensitivity: Filament-volt- 
age maintained within a 4% 
band for all values of input 
voltage higher than the reg- 
ulated voltage plus the mini- 
mum REGOHM resistor drop. 
Better regulation at higher 
voltages possible by using 
signal amplifying scheme. 
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CONTROL COMPONENT IN: Servo systems + battery 


Wide Range of Control Resistance: 
From zero to infinity within limits deter- 
mined by the contact ratings. When load 
currents are less than five amperes, mini- 
mum resistance approaches zero, enabling 
REGOHM to control output voltage at a 
value only slightly higher than minimum 
input voltage. 


Stability: No anti-hunt network required. 
Built-in adjustable dashpot insures sta- 
bility without sacrificing 


sensitivity or 
speed of response. 


Long Life: At loading of eight watts per 
step, many thousand hours life can be ex- 
pected. Infinite life at ve ry low loadings. 


Wide Voltage Range: Output voltages 
from one to 500 volts can be controlled. 


Maintenance Free: No maintenance. Re- 
placement simplified by plug-in design. 
All units interchangeable. 


Permanent Adjustment: rEGcOoHM 
maintains its characteristics after 
periods of operation or storage. 


long 


Rugged Design: Meets the most rigid 
commercial and military specifications. 
Hermetically sealed units available for 
operation at high altitudes or in corrosive 
atmospheres. Shock and vibration proof. 

An extensive field engineering force is 
ready to assist you—at no cost 
—in applyi ing REGOHM to your 
system. They will calculate 
required resistor networks, 
help you choose the proper 
REGOHM type, engineer spe- 
cial circuiting if needed. 
Write, wire or phone Elec- 
tric Regulator Corporation, 
110 Pearl Street, Norwalk, 
Conn. Applications will 
receive prompt attention. 


chargers * airborne controls + portable and station- 
ary generators + marine radar « inverters * locomo- 
tive braking systems « mobile telephones + guided 
missiles * signal and alarm systems + telephone 
central station equipment + magnetic clutches « rail- 
road communication systems + magnetic amplifiers. 





Standards 


Specification for Dry Cells and Batteries 





American Standard for dry cells and 
batteries, identified as C18.1, covers 
standard cell sizes and designations, bat- 
tery dimensions and _ terminals, test 
methods and performance requirements. 

Based on tests carried on in the lab- 
oratories of the National Bureau of 
Standards which furnished administra- 
tive leadership as sponsor of the project, 
the new specification, the fifth edition of 
the Standard, has been broadened to in- 
clude the miniaturized cells—so-called 
“mercury cells,” the “air-depolarized” 
cells, and flat cells that have been de- 
veloped and manufactured in the last 
few years. 

The edition, C18.1, 


duces a smaller size battery 


new also intro- 

than the 
penlite, the smallest size covered by the 
previous edition. New intermittent tests 
and three new hearing-aid battery tests 
are among the new material included. 
Certain types of cells have been re- 
moved from the lists in the Standard 
because of their infrequent use. 

To obtain a copy of the American 
Standard, Specification for Dry Cells 
and Batteries, write to the American 


Standards Association, 70 E 45 St.. New 
York 17, N.Y. Price is 25 cents per 


copy. 


Standards for Molded-Case Circuit 
Breakers 


NEMA Standards Publication 
Molded-Case Circuit Breakers, No. AB 
1-1955 air circuit breakers, 
single-pull and multi-pull, assembled as 


for 


covers 


an integral unit in a supporting and 
enclosed housing of insulating mate- 


rials. The standards cover units for cur- 
rent ratings up to and including 600 


amp in frames not exceeding that rat- 
ing, for voltages up to and including 
600 volts a-c or 250 volts d-c, with inter- 
rupting capacities of more than 1000 
amp. 

Data are provided on ratings, testing 
and manufacturing. Terms used through- 
out the book are defined. To obtain a 
copy of the publication, write to the 
National Electrical Manufacturers Asso- 
ciation, 155 East 44 St, New York 17, 
N.Y. Price is $1.75 per copy. 
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a) | 


NATIONAL ELECTRIC COIL CO., Columbus, Ohio, chooses glass-fabric tape the right of the commutator risers and at the ends of the slots. Traction motors 
coated with Du Pont tetrafluoroethylene resin to insulate its traction motor are subject to heavy overloads, and the superior heat resistance of glass 
armatures. Armature shown is partially wound. Insulating tape can be seen to fabrics coated with tetrafluoroethylene resin makes them ideal insulation. 


Here’s a tape with superior resistance to heat and corrosion 
... excellent electrical properties 


; . Du Pont 
Electrical Properties of Single-Ply Glass Fabrics 
Coated with Du Pont Tetrafluoroethylene Resin tetrafiluoroethylene resin- 


3 MIL {5 MIL | 6 MIL | 8 MIL |10 MIL {14 MIL METHOD coated glass-tabric tape 


403-108] 405-112] 406A-116 | 408-128} 410-128 | 414-141 OF TEST 





















PRODUCT QUALITY CODE 
If you’ve a tough electrical insulating problem— 


Electrical Properties ASTM— whether it’s with motors, generators, transformers or 
Surface arc resistance, sec. . . . > 180}/>180| >180 |>180]>180|>180] 0-495 cables—glass fabric coated with Du Pont tetrafiuo- 
Dielectric: strength, 1,’ electrode vm roethylene resin may be the answer. 





Ea ra ae >750|>500} >500 |>250|>500]>200|  p-902 In addition to unusual heat resistance, a high de- 
Dielectric constant 60 cycles . . . . 118119 1 23 126126 | 27 D-150 gree of chemical inertness isa characteristic of these 
fabrics—vital where electrical equipment is exposed 
1,000,000 cycles . . .. 1.7 1.7 1.8 2.4 2.4 2.5 D-150 = - ‘ 

to corrosive industrial atmospheres. 
Power factor 60 cycles . . . . .. 0025 | .0020 | .0012 | .0017 | .0011 | .0014 D-150 Other advantages include high mechanical strength 
1,000,000 cy: Bate te eae eek 0009 0008 0010 .0016 | .0009 | .0011 D-150 and extreme toughness aoe ng excellent dielectric prop- 
Volume resistivity, ohm-cm, room erties over a wide range of temperatures and frequen- 
conditions: . pm me ie) et ee | oe D-257 cies...essentially zero flow under heat and pressure. 
S006...) Sade enh 103 | 103 | 10% | 103 | 1013 | 1013 D-257 For more information on glass fabrics coated with 
aentetion casletante. ches tetrafluoroethylene resin, their properties and appli- 

96 hrs. at 90% R.H., 35°C.) . =. | 108 | 108 108 108 | 103 | 108 D-257 cations, just send for your free 


sttennneniptinimiinntimimines  Copey.of our teckiced beietin. 


Mail coupon for further information .. . 






CoCo ee er er quae Ga=e Gas cue a= a= a= ee ee ee ee : 
DU PONT INDUSTRIAL | E. I. du Pont de Nemours & Co. (Inc.) Dept. E-59 | == os 
co A TED F A BRICS Fabrics Division, Fairfield, Conn. | === = 
| I am interested in Du Pont glass-fabric coated C_____ 
| with tetrafluoroethylene resin. 
E. |. du Pont de Nemours & Company (Inc.) 
sc | ( ) Have a representative call. ( ) Send further information. 
Fairfield, Conn. | 
| Name Title 
7 Firm 
| Address 
RES. ys. pat OFF | City State 
BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY | 
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Build SORENSEN REGULATION into your products with these new 


MAGNETIC 
VOLTAGE 
REGULATORS 


CAPACITIES—15VA, 30VA, 60VA, 120VA, 250VA, S00VA. 


TUBELESS — trouble free 

COMPACT — saves space in your equipment 

LIGHTER than comparable regulators 

GOOD APPEARANCE — enhances your product 

THERMALLY ISOLATED CASE -— simplifies your design problems 


€ertecrreeiecat SPECEPILIC ATION S 


Input voltage range 95-130VAC, 10, 60 cycles. 
Output range 115VAC, RMS, 10. 
Regulation accuracy +0.5% against line changes. 
Load conditions +0.5% against line at any given load from 0 to full. 
Time constant From 2 to 6 cycles for line changes. 


welt 


Na aah 





GET MORE INFORMATION: Catalog MVR2 is yours for the asking; 
gives complete data on the new Magnetic Voltage Regulator line. 
Contact your local Sorensen representative, or write to General Sales 
Department, Sorensen & Co., Inc., 375 Fairfield Ave., Stamford, Conn. 


CONTROLLED POWER FOR RESEARCH AND INDUSTRY 





SORENSEN 
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Book 
Reviews 





Transistors: Theory and Applications, 
by Abraham Coblenz and Harry L. 
Owens, McGraw-Hill Book Company, 
Inc., 330 W. 42nd St., New York 36, 
N. Y. 313 pp. $6.00 


Many books have been written on the 
subject of transistors with various ap- 
proaches to suit the level of the intend- 
ed reader. This book was written for the 
electronics engineer or advanced tech- 
nician with the style on a high techni- 
cal level, but with a minimum of mathe- 
matics. The authors have been associat- 
ed with transistor work in the Signal 
Corps Engineering Laboratories and 
have had a broad knowledge of tran- 
sistor developments among the various 
producers. 

The first five chapters review the his- 
torical background of transistors and 
physical concepts required to under- 
stand transistor action. Chapters follow 
on both point contact and junction tran- 
sistors, each with a theoretical discus- 
sion. Then follow five chapters on 
transistor characteristics and_ circuit 
applications. The aspects of manufac- 
ture having a bearing on characteristics 
and application are reviewed. The final 
chapter is devoted to special topics such 
as the analog transistor, fieldistors, co- 
axial transistors, germanium-silicon al- 
loys, nuclear radiation and the like. 
Pertinent excerpts from the Basic Sec- 
tion of MIL-T-12679A, used in the 
evaluation of transistors for military 
uses, are presented in the appendix. 


Brazing Manual. American Welding So- 
ciety, 33 W. 39th St., New York 18, 
N. Y. 208 pp. 6 x 9 in. $4.75. 


Prepared by the Committee on Brazing 
and Soldering of the American Welding 
Society, this book is intended to serve 
as a complete and comprehensive guide 
on the subject of brazing. Complete and 
valuable information is given on each 
of the eight brazing processes: Torch 
brazing, twin-carbon arc, furnace, in- 
duction, resistance, block and flow braz- 
ing. All metals of industrial importance 
are described in terms of brazing tech- 
niques including equipment, pre-clean- 
ing, surface preparation, post-braze 
cleaning and inspection. An appendix 
lists in chart form properties of braze- 
able metals and alloys such as alumi- 
num, copper, brass, bronze, nickel, gold 
and platinum. 


*SEPTEMBER 1955 ELECTRICAL MANUFACTURING 


ee 


2 MARCY 













; cae SHADED POLE 
a 

. 1/25 h. p. 

; to Va h. p. 
he ” 

i 

| Buta ts 


m ee oo 
mo ee ea my tL 


“r- 


|) _— a oe ee | 


\n- j 


is- 
on 















1it 
ic- 
ics | 2 
val This new, large diameter 
a] (54%2”), more powerful 
1 motor has all the features Ee 
“ of the famous Marco Motors used in hundreds of thousands of air conditioning ROOM AND CENTRAL 
a. : ‘ AIR CONDITIONERS 
aia units — in fans, blowers and furnaces. 
he 
ry Cl Power up to 4 h.p. can be supplied — or — for compact designs this motor is 
supplied in new “pancake” design as short as 2!2 inches in 1/15th horsepower. FURNACES 

S0- This new Marco Motor is double impregnated with heat reactive insulating 
18, varnish which provides outstanding moisture resistance. The stator is insulated 

| with high temperature Mylar for longer life during adverse operating conditions. rw 
ng | | ®y || Blowers 
ng | The standard bearing design is used because of the outstanding performance of Xo Pad 
rve Marco bearings in the field. : 
ide 
ind ; ; ‘ . 
ich Marco Engineering saves you production time WINDOW 
rch — assures high quality performance. — 
in- 
‘az: 
oy ¢ 0 Write today! 
an- 
aze Quality Motors 
dix IND US TRIE 7 In C. “tailored” to your 
\Ze- product at 
~ 788 Terrace Boulevard « Depew, New York ready-made prices. 
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THOGUSAN/OS OF 


REHEARSALS 


fo guarantee 


perfect 


performance 


Here is a production run-in test at 
Union Switch & Signal of our mini- 
ature relay, with gold alloy con- 
tacts, for a specific dry circuit 
application. To guarantee utmost 
reliability for this application 
where contact resistance must re- 
main below a_ specified value 
throughout a required life, these 
relays are subjected to thousands 
of operations under exact circuit 
conditions as prescribed by the cus- 
tomer., Only those relays which 
provide perfect performance are 
selected for shipment. 


Our statistical data proves run-in 
operations previous to shipment 
increase reliability. 

This same pre-test service is 
available to you. We will analyze 
your requirements and work with 
your engineers to assure the utmost 
in relay reliability. 

UNION miniature relays with 
gold alloy contacts are available 
in either 6PDT or 4PDT models, 
plug-in or solder-lug connections 
and a variety of mountings. They 
meet or exceed all requirements of 


MIL-R-5757. 


For complete information, call our nearest sales 
representative listed below, or write for literature. 


GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 18 NN PENNSYLVANIA 


NEW YORK, IVanhoe 3-2424 (Hempstead) 
CHICAGO, LOngbeach 1-3042 
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BALTIMORE, VAlley 5-3431 
LONDON, OHIO, LOndon 1555 


ST. LOUIS, JEfferson 5-7300 
LOS ANGELES, VAndyke 8731 












Brazing fluxes and atmospheres are 
standardized into types according to 
their compositions and uses. In addi- 
tion to production and design informa- 
tion, additional sections are provided on 
testing, quality control, safety, health 
protection plus explanations of causes 
of defects and how to correct them. 


Proceedings of the Symposium on Printed 
Circuits. Engineering Publishers, 
P.O. Box 1151, New York 1. N. Y. 


Paper-bound, 122 pp. $5.00. 


This book contains full versions of the 
technical papers presented at the 1955 
Symposium on Printed Circuits, spon- 
sored by the Engineering Department of 
Radio-Electronics-Television Manufac- 
turers Association, with the participa- 
tion of the Professional Group on 
Production Techniques of the Institute 
of Radio Engineers. Also included are 
the pertinent questions and answers of 
the discussions following the presenta- 
tion of each paper. 

The papers cover both the theoretical 
and practical aspects of printed cir- 
cuitry currently in commercial use, dis- 
cussing materials and components, de- 
sign and _ production, testing and 
evaluation, reliability, and management 
problems. One paper discusses the 
migration of silver in printed circuits. 
Another representative paper traces 
equipment from the original hand-wired 
version through the transition to printed 
circuitry in both the design and produc- 
tion phases. 


International Radio Tube Encyclopedia, 
1954-5 Edition. Edited by Bernard B. 
Babani, Bernards (Publishers) Ltd., 
London, W. 6; available from British 
Industries Corporation, 164 Duane 
St.. New York 13, N. Y.. 607 pp., 
$9.00. 


Detailed information on the electrical 
characteristics and basing arrangements 
of more than 18.500 different tube types 
are presented in the latest edition of 
this book. The tubes include those used 
in the Armed Services of the U.S.A., 
the British Commonwealth, and coun- 
tries of Western Europe as well as those 
in civilian use. The main portion con- 
tains data on about 15,000 tubes listed 
in the first edition which appeared in 
1949. The listing of newer tubes is con- 
tained in two supplements, one from 
1949 to 1951 and the other from 1951 
to 1954. Base connections are given in 
columns following the electrical char- 
acteristics, or by base diagrams. The 
section containing the technical matter 
and instructions for using the book is 
printed in the following languages: 
French, Italian, Spanish. Portuguese, 
German, Dutch, Swedish, Norwegian, 
Danish, Russian, Polish, Czech. Hebrew 
and Turkish. 


A 
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Surveying: 
ia NPT TELLS 
Ras 


Drafting: 


Oe. mai sR tS 


| Rules Wiz YALA 
Slide 4 


@ Since 1867 engineers, scientists, designers, surveyors, drafts- 
men have relied on K&E as the foremost, most progressive, 
and most complete source of supply for the tools, equipment, 
and materials they work with. When you buy, think first of K&E, 
headquarters for 7,000 items. For example... 


ALBANENE® TRACING PAPER—This popular 
tracing paper is recognized as the top 
product in its field because of its permanent 
transparency, its unusual strength and its 
superb drawing surface. 

Albanene is transparentized with an in- 
ert resin, which is permanently fixed in the 
fibers and unaffected by age. Its outstand- 
ing tearing strength enables it to resist 
wear and tear in reproduction machines — 
and in handling and filing. Its special sur- 
face combines ideal pencil “take” with 
clearness, sharpness and cleanness of line. 


KEUFFEL & ESSER CO. 
New York «+ Hoboken, N. J. 


Detroit « Chicago @ St. Lovis ¢ Dallas « San Francisco « Los Angeles « Seattle « Montreal 
Distributors in Principal Cities 
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Men 
in Industry 





Dr. Michael J. Di Toro has joined the 
| Polytechnic Research & Development 
| Co., Inc., Brooklyn, N. Y., where he will 

serve as chief electronic engineer. An 
| alumnus of the Polytechnic Institute of 
Brooklyn, Dr. Di Toro holds three de- 
grees from that school, including his 





It’s like blanking from metal strip 
when you make Nylon parts this way 


@ Blanking from POLYPENCO nylon strip now enables every designez 
to get nylon’s resiliency and wear resistance in lock washers, thrust 





DR. MICHAEL J. Di TORO 


: bearings, gaskets, and other thin parts. With this strip, nylon parts doctor’s degree in electrical engineer- | 
r are blanked just like metal components. The dies are practically the ing. He has been connected with several 
; same, and your operators use exactly the same punch presses, tech- major electronics laboratories and has | 
‘ niques, and feeding methods. What's more, production costs are low. | been instrumental in the development 
: Press speeds up to 600 cycles per minute have been successfully | ° clectroscoustical transducers, tele- 


metering, delay lines, and other devices 
and systems. 


‘ obtained. POLYPENCO nylon strip is available in standard widths of 
i %4'' to 4” and in thicknesses from .010” to .125’’. With POLYPENCO 
: nylon shapes, you always get these advantages: George M. Hieber has been placed in 
charge of the development of electro- 
mechanical instruments at Gulton Mfg., 
@ Direct control of fabrication on the standard metal- Corp., Metuchen, N. J., after having 


working tools in your own shop worked with the company previously 
both in field and development engineer- 


@ Design flexibility . . . closer tolerances in many cases. ing. The company has also announced — | 
the appointment of Samuel Hanish as 
@ Immediate warehouse delivery of most sizes. head of its Underwater Sound Division, | 


which has extensive testing facilities for 
electromechanical research in water in- 


@ Uniform high quality ... technical help. 
strumentation. 


SEND FOR BULLETIN ON NYLON SHAPES AND PROPERTIES s _ , 
At Minnesota Mining & Manufactur- 


ing Co., St. Paul, Robert A. von Behren 

The POLYMER CORPORATION of Penna. « Reading, Pa. has been promoted to research and de- 

In Canada: Polypenco, Inc., 2052 St. Catherine W., Montreal, P.Q. velopment manager of the company’s 
magnetic products division. Joining 3M 

OL : in 1948, he has been assistant technical 


4 eee 


teflon* and other non-metallics 


director of magnetic products since 
1953. 









. _ Raymond Spilman, industrial designer, 
Warehouse stocks: Boston * Buffalo * Chicago * Cleveland * Dayton °* Detroit a red his offices to 270 Park Ave 
Los Angeles * Minneapolis * Montreal * New Haven * Reading * St. Louis * Toronto has moved his offices to 2? _* 


; re . CG : ‘ most 
“trademark for DuPont tetrafluoroethylene resin nue, New y ork ( ity. One of his m 
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DESIGN 
ENGINEERS 


- - UN explosion-proof fitting we 
apou 


\ 


. ¢ need, Crouse-Hinds has it!” 
CONDULETS 2 


"No matter what type of 


GASOLINE BLENDER CONTROL 
PANEL built by Proportioneers, 
Inc. for Shell Products. 

REAR VIEW Panel contains 58 
different types and sizes of explo- 


sion-proof Condulets—a total of 
715 in all. 


W.. you will- CONDULETS fill the bill” 


No matter how complicated your electrical conduit layout, you'll find everything 
you require in the Condulet Catalog. There are more than 15,000 different types 
of Condulets, plugs, receptacles, switches, controls, circuit breakers and lighting 
fixtures —for both hazardous and ordinary locations. 


*Registered 


For complete freedom in layout design, get acquainted with Condulets. Catalog 
or Electrical Engineering Advisory Service available on request. 
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A New Heavy-Duty 
Machine Tool Limit Switch 
With 70° Overtravel 


® Trigger Fast Action 









® High Contact Pressure 
® Versatile In Application 
® Strongly Constructed 

® Long Lived 


Model L-100S 


Acro, a leading manufacturer of precision snap action switches, 
has now added the sturdy Model L-100S for the machine tool 
industry. With repeated use of 70° overtravel this rugged design 
has consistently withstood 20,000,000 actuations. For installation 
‘ease, terminals and the switch mechanism are in separate com- 
partments. The heavy cast case is gasketed for oil and moisture 
resistance. Available with a wide variety of actuators. Easy to 
service. Electrical rating 25 Amps, 125 Volts AC-DC. Favorably 
priced. Write for bulletin. 


ACRO SWITCH 
DIVISION 







COLUMBUS 16, OHIO 
Plants at Columbus and Hillsboro, Ohio 
REPRESFNTATIVES IN ALL PRINCIPAL CITIES 





recent designs is that of the Rhodes 
two-way household timer. 


Manager of the newly organized in- 
dustrial switch and component device 
engineering sub-section of GE’s Trum- 
bull Components Department, is Thomas 
E. Lee. In his new assignment Mr. Lee 
will be responsible for the design and 
production engineering of GE’s indus- 
trial safety switches and a wide variety 
of component switches used in switch- 
boards and other products. Mr. Lee 
holds his degree in electrical engineer- 
ing from the University of Wisconsin. 
He has been with the company since 


1953. 


In keeping with its plans to consoli- 
date and coordinate key administrative 
and engineering posts, Sterling Electric 
Motors, Inc., Los Angeles, has advanced 
Edgar K. Johnston from chief electrical 
engineer to chief engineer. In his new 
capacity Mr. Eastman will be directly 
responsible for the electrical and me- 
chanical designs of all company prod- 
ucts. He has been a member of the 
engineering staff at Sterling since 1949. 


In his new position of assistant di- 
rector of engineering for Eaton Manu- 
facturing Co., Cleveland, Howard J. 
Findley will work on research and en- 
gineering activities with the company’s 
13 divisions and three subsidiaries. His 
office will be in the Eaton Administra- 
tion Building at 739 East 140 St., Cleve- 
land. Mr. Findley joined the company 
in 1937. 


Rodney D. Chipp has been appointed 
director of engineering for all manufac- 
turing divisions of Allen B. DuMont 
Laboratories, Inc., Clifton, N. J. Mr. 
Chipp. who has directed engineering for 
the DuMont Television Network since 
1948, will coordinate the engineering 
activities of the company’s Television 
Receiver Division, Cathode-Ray Tube 
Division. Communication Products Divi- 
son, Instrument Division, and Govern- 
ment Division. He will also serve as 
liason between divisional engineering de- 
partments and the company’s Research 
Laboratories. 


Viking Instruments, Inc., East Had- 
dam, Conn. has appointed Devereaux 
Martin vice president and director of en- 
gineering. Mr. Martin will direct de- 
velopment and research on the com- 
pany’s line of electronic devices and 
controls. 


Melpar, Inc., Falls Church, Va. has 
promoted Robert S. Butts to assistant 
chief engineer and Robert E. Miller to 
product manager. 

Mr. Butts received his electrical en- 
gineering degree from the University 
of Cincinnati and, since joining Melpar 
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Silicone impregnating varnish 
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\ greatly improved bond strength 
ee s * a 
: under operating conditions 
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li- Note how the bond strength curve of 
ve SR-60 remains higher over the entire 
‘ie ms operating range compared to that OPERATING RANGE 
ed 7 a i. of conventional silicone varnishes. 
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: ENTIONAL SILICONE 
lis | 4100 150 
“a- 
je- TEMPERATURE, Degrees C 
ny 
General Electric’s new SR-60 silicone impregnat- penetration; yet it has excellent film-building prop- 
ed | ing varnish offers you up to four times the bond erties. Resistance to oils is superior to other sili- 
ce | strength, at operating temperatures, of conven- cones and there’s lower weight loss on heat-aging. 
3 | tional silicone varnishes tested. Developed to SR-60 represents the first real improvement in 
aS provide improved performance at temperatures silicone impregnating varnishes in years. Not just 
ce of 250 C and higher, it offers many other advan- a laboratory product, SR-60 is available in com- 
me tages over existing materials. For example, SR-60 mercial quantities—proved by functional tests in 
on 2 
wn cures at 150 C! Its viscosity is low, providing good the field! 
vi- 
n- 
as | CHECK THESE & BIG BENEFITS 
le- 
ch V Up to 4 times more bond strength alata haces 
id- V Excellent film build 1 Silicone Products Department, General Electric Company | 
ux | Section 52-3B, Waterford, New York i 
. V Lower weight loss on heat-aging } Please send me data and application sheets on SR-60. | 
e- 
m- V Improved oil resistance | | 
1 z | Name pail j 
ne V Withstands 250 C and higher 
i Position j 
as Rstrnt 
= | G-E silicones fit in your future J Street | 
| | <a ] 
~ | GENERAL ELEGT RUG | coe sue 
ma | IN CANADA: Mail to Canadian General Electric Company, Ltd., Toronto 
ar ! 
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Now you can drive off both ends of a motor shaft 
and still take advantage of the quick-stop, instant- 
release features of a Stearns solenoid-type mag- 
netic disc brake. This new brake is designed so 
that the motor shaft extends right through the 
center and out beyond the end of the brake. For 
motor manufacturers this permits use of a stand- 
ard length shaft for Stearns brakes mounting on 
NEMA frames 56-C, 66-C, 182 and 184. For de- 
sign engineers it means utilization of both ends of 
the shaft, no matter what your drive needs. 


Just as important, you get all the advantages of 
the popular Stearns solenoid-type brake in this 
through-shaft construction: 


Easy maintenance — Stearns solenoid brakes have a minimum 
number of parts — can be disassembled and assembled in a few 
minutes. Long-lasting lining easily replaced. 


Easy adjustment — quick, accurate adjustment for torque and 
lining wear. 


Fast stop — positive spring action on pressure plates. Sets auto- 
matically in case of power failure. 


Quick release — instantaneous magnetic pull eliminates drag. 
Dust and water-resistant housings available. 


See your Stearns representative or write us for 
full details on this new through-shaft brake. 


1141 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS ie MAGNETS 


STEARNS MAGNETIC, INC., 642 S. 28th Street, Milwaukee 46, Wis. 
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in 1947, has held a numper of technical 
managerial positions within the organi- 
zation. Mr. Miller, formerly a section 
head, will, in his new post, be project 
manager of a group of sections dealing 
with electronic research and develop- 
ment resulting in complete systems for 
the Armed Services. 


J. J. Nail has been appointed chief 
engineer of the N.R.K. Manufacturing 
& Engineering Co., Chicago, manufac- 
turer of microwave assemblies and radar 
components. Mr. Nail was formerly a 
member of the technical staff of the Bell 
Telephone Laboratories and previous to 
that associated with Sperry Gyroscope 
Co. and the Federal Telephone & Radio 
Corp. Holder of several patents, Mr. 
Nail received his B.S. degree from the 
University of Texas and an M.S. from 
Stevens Institute of Technology. 


Promotion of D.. R. Tashjian to 
manager of engineering of its Elec- 
tronics Division, Baltimore, Md., has 
been announced by Westinghouse. Join- 
ing the Electronics Division in Baltimore 
in 1941, Mr. Tashjian has spent his en- 
tire career at Westinghouse in that divi- 
sion’s engineering department. Succes- 
sively, he has been design engineer en- 
gaged in microwave development, radar 
design and airborne military communi- 
cations; section manager responsible 
for search radar: manager of govern- 
ment engineering: and manager of en- 
gineering. 


Dr. Harris M. Sullivan is the new 
manager of the Electronics Laboratory 
at GE’s Electronics Park, Syracuse, 
N. Y. Dr. Sullivan will be responsible 
for the technical planning and admini- 
strative aspects of the Laboratory, which 
does the company’s advanced develop- 
ment work in electronics. He joined the 
Laboratory in May of this year as super- 
visor of the Dielectric Materials Unit, 
coming from the Central Scientific Co., 
Chicago, where he was vice president 
in charge of research and engineering. 


Herbert A. Haworth has been named 
chief engineer at Condenser Products 
Co., division of New Haven Clock & 
Watch Co., New Haven. Conn. Formerly, 
Mr. Haworth was in charge of research 
development and production of plastics 
film capacitors for Sprague Electric Co. 
Prior to that he worked on development 
of capacitor and transformer dielectrics 
for the General Electric Co. in Pittsfield, 
Mass. Mr. Haworth’s first major task 
will be to direct an expanded product 
development program. 


Development of new products will be 
a major responsibility for Gerald H. 
Lovins, recently added to the staff of 
Photovolt Corp., New York, maker of 
photoelectric and electronic measuring 
instruments. Mr. Lovins has had 21 
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...an entirely new concept 


in electrical heating 
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Small! Compact! Easily shaped for any area! 


It’s small, less than an inch in diameter —with 
154,” steel fins copper-brazed on a .312” steel- 
sheath rod-type heater. 

It’s compact, provides maximum heat dissi- 
pation in any space, gives you new freedom in 
design of products. 

It’s easily shaped to fit any area because the 
forming is done before the spirally wound fins 
are attached. Yes, the steel fins are spirally wound 
and securely brazed to the rod. And you can have 
from four to eleven fins to the inch in spacing, to 
provide exactly the heat dissipation you need for 
any given application. 

Like all Ferrod heaters, these new Slimfin Units 


FERROD 


are made from high-grade resistors embedded 
in refractory insulation inside a length of tubing 
—in this instance, steel tubing. Precision 
made, they are designed for natural convection 
space heating. Capacities range from 500 
to 2,000 watts. 

Heavy-duty heaters are made in this same style, 
with .540” tubing and 1%” diameter fins, for 
forced convection air heating. Capacities range 
from 1,000 to 10,000 watts. 

Write for catalog sheets giving sizes, wattages 
and other detailed information. It will help us 


to help you if you tell us the application you 
have in mind. 


FERROD ELECTRIC HEATERS 


FERROD MFG. CO. (Subsidiary of Ferro Corp.) 


611 N. RIVER STREET ° 
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years experience in the laboratory in- 
| | strument field, serving for 15 years as | 
§ q research director of American Instru- | 
ae ment Co., Inc., Silver Spring, Md. 


‘William Reid Smith-Vaniz, assistant 
chief engineer for CGS Laboratories, 
Inc., Stamford, Conn. has been named 
| vice “preside nt of the firm. Joining CGS 
| | Laboratories in 1952, his work for the 
| | company has largely been in the field of 
| analog and digital computer techniques. 


; 
i 
i 
: 
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John R. Tuttle has assumed the presi- 
,-J|\dency and chairmanship of the board 


of directors of Crouse-Hinds Co.. 


“Jo Expaud a 
9 Hermetic Seal Products Co., Newark, 
z2C Product Salece N. J. has advanced Philip Sitzer to the 
position of chief engineer, in which 
position he will supervise and control 
all phases of the company’s engineering 
activities. A graduate of the Newark 
College of Engineering, where he re- 
| ceived a B.S. in electrical engineering, 
Mr. Sitzer has been with Hermetic Seal 
Products since 1950. Previously he had 
been employed by the Tung Sol Lamp 
2 Works, where he served in various 
capacities, including that of chief en- 
gineer of its Flasher Division. 


Syra- 


cuse, N. Y. A graduate of Yale, Mr. 
Tuttle later received his masters de- 


gree in electrical engineering at Har- 
'vard. Mr. Tuttle assumes his new post 
with a 38-year background in research 
engineering, and financial and admimi- 
strative experience. 





STANDARD and HEAVY Duty ff 


sINVERTERS! | 


; For Inverting D. C. to A.C. . Specially q 
Designed for operating A. C. Radios, f 
a Television Sets, Amplifiers, Address 
4 Systems, and Radio Test Equipment 
from D. C. Voltages in Vehicles, 

Bi Sties, Tons, Planes ond Amperex Electronic Corp., Hicksville. 
kg} in D. C, Districts. &é N. Y., has appointed Peter Janis its 
"4 s € eo chief engineer. Mr. Janis comes to Am- 

Jo ®& "ge aa 


~ perex from Sylvania Electric 


A. H. Haroldson has been appointed 
research and development manager of 
the newly formed Continental-Diamond 
Fibre Division of The Budd Co., Ine.. 
with headquarters at Newark, Del. 


4 ., = eo am, m § Inc., where he was most recently active 

amy “SS in the design, development and produc- 
tion of traveling-wave tubes. He is a re- 
cipient of the War Production Merit 
Award and has several patents and 
disclosures on electronic devices to his 
credit. 


Appointment of George Cameron as 
director of engineering and Gordon Cook 
as supervisor of broach engineering has 
been announced by Colonial Broach & 
Machine Co., Detroit. Before joining 
| | Colonial, Mr. Cameron was co-owner of 
|| Cameron and White Co., 


seine 





a Detroit en- 


: 


ps gineering form, and prior to that assis- 
NEW MODELS *&” Battery Eliminators, - 
c DC-AC Inverters, Auto tant chief engineer for the radar and 
NEW DESIGNS i — 
ee Roadie Vibrators gear division of the Balmer-Bee Co. Mr. 
«/ NEW LITERATURE 


Cook has been active in broach engineer- 
1946. 


ing since 


See your jobber or write gactoay 
AMERICAN TELEVISION & RA pio Co. 


New director of engineering at Sono- 
Luality Products Since 1931 tone Corp. Elmsford, N. Y. is August B. 
SAINT PAUL 1, MINNESOTA—U. 5S. A. 


Mundel, formerly director of quality 
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MERCOID 


MERCURY SWITCH EQUIPPED 
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Thy 
Control 


SERVICE 





The control which senses the alarm circuit 
is connected in series with the primary 





coil of the ,elay. The alarm control 





closes its circuit to supply current to the 





relay primary coil and through the nor- 





mally closed mercury switch of the relay 
to the Audible or Visual Alarm. Pushing 
button of the 
through a momentary contact 





relay (or 
by a 
remote switch connected to the pilot 
circuit) causes the 


the manual 






secondary coil to 
upward, opening 
closed mercury switch and stopping the 
Alarm. A lock circuit in the relay holds 





move the normally 






the alarm circuit open as long as current 





is supplied to the primary coil of the 





relay. When the alarm control opens 





its circuit interrupting the current to the 





relay primary coil, the magnetic repul- 
sion holding the relay secondary coil up 
is interrupted and the secondary coil 
drops from its own weight. The alarm 
circuit sequence is thus reestablished 
automatically and is ready for another 
operation ot the demand of the alarm 
control. 







MC 




















Available for 115, 230 or 
440V. A.C. current or similar 
D.C. voltages 


Our engineers are at your service— 
send in your control problem or 


WRITE FOR BULLETIN CA-8R 


THE MERCOID CORPORATION 


4211Belmont Ave., Chicago 4i1, Ill. 
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Cutler-Hammer selects RESINOX* 3700 
to mold contact blocks for new selector switches 


k 
Oil-Tight Pushbutton Contact Bloc 
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Oil-Tight Pushbutton-Selector Switch with 8 Circuits 


MONSANTO’S THERMOSETTING MOLDING MATERIAL COMBINES IMPROVED ELECTRICAL PROPERTIES WITH NON-CRIT'!CAL MOLDABILITY 


Mark up another job where outstanding results have been achieved 
with Resinox 3700 ! The contact blocks for Cutler-Hammer’s new line of heavy-duty 
oil-tight pushbutton switches are molded of this mineral-filled Monsanto 
material. Resinox 3700 was chosen for this specialized application because 
of its excellent electrical properties and short-cure cycles. 
Other characteristics of Resinox 3700 which are improving the profit picture for 
manufacturers of electrical parts include high arc resistance, dielectric 
strength, dimensional stability, heat resistance and durability. ATI eRe 

Perhaps Resinox 3700 is exactly what you need to solve an electrical parts problem. 
Write today for full information. Monsanto Chemical Company, 
Plastics Division, Dept.EM-9,Springfield 2, Mass. 


For outstanding electrical properties, specify RESINOX 3700 


*RESINOX: REG. U. S. PAT. OFF. 











































FOR SLIP RING ASSEMBLIES 
TO LAST A LIFETIME OR 
LONGER ... CALL PMI 


Our slip ring (collector ring) know- 
how is adaptable to your problem. 
Your need for high speed, RF, strain 
gauge or other slip ring assemblies will be given 
special attention by our design engineers. 

Send the details and we will develop and quote 
on your requirement . . . from sub miniatures 
to 8 ft. complete installations. 





~~ > 
amma VERSATILE 





Many of our custom manu- 
factured slip rings, brush 
blocks, gears, connectors, 
etc., are adaptable to other 
slip ring problems at a 
minimum cost. 


P M INDUSTRIES, INC. 


272 FAIRFIELD AVE., STAMFORD, CONN. 





control, a position in which he will also 
continue to function. Holder of a 
master’s degree in engineering from the 
University of Michigan, Mr. Mundel 
joined Sonotone in 1934 as a member 
of its research laboratories. 


Directors of Thomas A. Edison Ine., 
West Orange, N. J., have elected Dr, 
Donald W. Collier and Charles Howe 
Goddard vice presidents. Dr. Collier will 
continue in his present capacity as di- 
rector of research for the diversified 
electric and elctronics manufacturing 
company, a post he has held since 195]. 
Mr. Goddard will retain his activities 
as assistant manager of the company’s 
Voicewriter Division. 


In a move designed to strengthen its 
position in the military timer field, the 
Haydon Manufacturing Co., Inc., Tor- 
rington, Conn., has appointed Richard L. 
Green as senior engineer in charge of 
military development. 





Company 
Briefs 





Thomas & Skinner, Inc., is the new 
corporate name of Thomas & Skinner 
Steel Products Co., Inc., effective Sept. 1. 
1955. The company has been engaged 
for over 50 years in the design, manu- 
facture and commercial application of 
permanent magnets, electrical stamped 
steel laminations and tape-wound cores. 

Corporate name was changed for rea- 
sons of simplification only; no changes 
in policy, personnel or management are 
involved. Offices and plant are located 
at 1121 East 23 St., Indianapolis, Ind. 


Organization of a new company for 
the manufacture of printed circuits and 
printed-circuit assemblies has been an- 
nounced by Joseph O. Eaton, Jr., 
formerly with Eaton Manufacturing Co., 
Cleveland and the Warren Wire Co., 
Pownel, Vt. The new concern, located in 
Moodus, Conn., is known as Eaton 
Associates, Inc. 


Librascope: Inc., Glendale, Calif., has 
relocated a subsidiary, the Minnesota 
Electronics Corp. from St. Paul, Minn. 
to 133 East Santa Anita Ave., Burbank, 
Calif. Although the Minnesota Elec- 
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between the finest wires. 


Cross-section of armature shows BAKELITE Epoxy Resin forming 
dark area. Note how they have completely filled crevices 






Encapsulation with BAKELITE Epoxy Resin 
Ended Rejects and Returns! 


With Bakeite Brand Epoxy Resin 
replacing conventional materials for in- 
sulating this 2 H.P. D.C. motor arma- 
ture, the manufacturer reports rejects 
and returns reduced to zero! It is a 
vital part of a compressor used in spe- 
cial military aircraft and operates at 
3,000 psi. and 2 cfm. 

The use of BAKELITE Epoxy Resin 
provided greater permanence of form, 
higher impact strength, improved 
chemical and moisture resistance, and 
lower maintenance cost. 

Despite 8000 RPM and tempera- 
tures up to 400 deg. F., the manufac- 


turer states that not a single insulation 
failure has been reported since encap- 


sulation of this armature in BAKELITE. 


Epoxy Resin. 

Several types of BAKELITE Epoxy 
Resins are available for potting and en- 
capsulating techniques. Specially for- 
mulated BAKELITE Epoxy hardeners 
provide a variety of viscosities and cur- 
ing speeds to meet a wide variety of 
applications. You can pick the combi- 
nation with the best set of properties 
for your specific product. For detailed 
information and list of suppliers, write 
Dept. KJ-52. 







BAKELITE 


BRAND 


EPOXY RESINS 


Armature encapsulated by 
McCulloch Motors Corp., 
Los Angeles 45, Cal. 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [aa 30 East 42nd Street, New York 17, N. Y. 
The term Bake ite and the Trefoil Symbol are registered trade-marks of UCC 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


327 


































































All wound up in wound cores? 


We can’t blame you, when there are 
so many claims being made by man- 
ufacturers regarding merits of their 
cores. 

Rather than add to this confusion 
of claims, here are just a few perti- 
nent facts that you should know about 
Thomas & Skinner OrthoSil tape 
wound cores. 


1. Made from OrthoSil, oriented sil- 
icon-iron. 

2. The high permeability with low 
core losses results in high effi- 
ciency cores. 


3. Made in 12 mil OrthoSil for 60- 
cycle applications. 


4. In 4 mil OrthoSil for 400-cycle 
and higher applications. 

5. All cores are magnetically in- 
spected at three flux densities . . . 
5,000, 10,000 and 15,000 gauss. 

6. Testing is based on minimum 
areas, using a 90% stacking factor 
for 4 mil 400 cycle applications— 
and a 95% stacking factor for 12 
mil 60-cycle usage. 

7. Immediate delivery. 

8. Complete engineering service 
available. 

For further facts on OrthoSil 
tape wound cores write direct to 

Thomas & Skinner today. 


SPECIALISTS IN MAGNETIC MATERIALS... 


Permanent Magnets 


ey Laminations 


S || and Wound Cores 


Thomas & Skinner, Inc. 





1114 East 23rd Street, Indianapolis 7, Ind. 
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tronics Corp. will operate independently, 
the move is designed to strengthen the 
engineering skills of both companies. 

In addition, the Corporation has com- 
pleted a new building in Santa Ana, 
Calif., to house its Mecca Division. Com- 
mercial products, including a line of 
automatic food processing machinery 
will be manufactured there. 


Construction of a new two-million- 
dollar engineering building, devoted to 
expanded research and development on 
commercial and military radar and other 
communications and navigational de- 
vices, has been announced by the Radio 
Division of Bendix Aviation Corp., Ballti- 
more, Md. The two-story modular-type 
building, to be constructed adjacent to 
the main radio division plant at subur- 
ban Towson, will be completed by July, 
1956. 


The newly formed Maxson Instruments 
Division of the W. L. Maxson Corp. has 
reported plans to expand its line of 
precision measurement and_ control 
equipment. Among the products are 
high-frequency oscillators, phase-mea- 
suring equipment, and acceleration-sen- 
sing and recording devices. The new 
division is headquartered at The W. L. 
Maxson Corp.’s Long Island City Plant, 
17-37 Austell Place, New York. 


Cook Electric Co., Chicago, has opened 
a new district office at 6405 East Kellogg, 
Wichita, Kas., with E. W. Wilbert as 


district manager. 


Synthane Corp., Oaks. Pa., manufac- 
turer and fabricator of laminated ther- 
mosetting plastics for industry, has re- 
moved its Rochester, N. Y., sales office 
to 137 West Commercial St., East Roch- 
ester, N. Y. C. Leonard Johnson is in 
charge. 


Welwyn Electrical Laboratories, Ltd. 
(England), and Welwyn Canada Ltd., 
have formed a new American company, 
Welwyn International Inc., 3355 Edge- 
cliff Terrace, Cleveland 11, Ohio, to 
handle the sale of Welwyn products on 
a national basis. Both the English and 
Canadian companies are engaged in the 
manufacture of high-stability resistors. 


The newly established New Products 
Division of Clark Controller Co., Cleve- 
land, will have full divisional status and 
include two departments: a Develop- 
ment and a Product Adaptation depart- 
ment. The first will be responsible for 
initiating and developing new products; 
the second for readying Development 
Department projects for production and 
sale. Manager of the division is Ben H. 
Carlisle, formerly of the company’s ap- 
plied engineering department. 


New Westinghouse manufacturing 
plant to be built in Youngwood, Pa., is 
described as the most highly automatic 
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the new CORE MAGNET MECHANISM 


master instrument makers | We 


. . outperforms conventional mechanisms of much greater _ 
aise ere mens rate 











But furnishing this fine _ ee 
Core Magnet Mechanism is only half <a 
the Roller-Smith story! 3 





ust as important to you is our ability to furnish the designing skill _ 

necessary to incorporate it into your own equipment. The Roller- 
Smith engineering staff, headed by world-renowned experts 
and backed by. the finest in research and development 
facilities, will be glad to assist you in arriving at the 
most practical solution. 
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Linear and non-linear function 


Ball Bearing Potentiometers 


precision 
STAG 


(Extended Terminal Board) | 


External phasing 

Starting torque: 0.5 oz. in. max. 

Backlash: 0.05° max. 

Logarithmic, sine-cosine and other functions 
Multiple, adjustable taps 

Unitized design for universal coupling 
Precision machined aluminum housing 

Servo or single hole mounting 


Our engineering department can supply 
prototypes quickly to meet unusual design 
specifications for tests and approval. Write for 
complete technical literature. No obligation. 


Electronic Sales Division 


DeJUR-Amsco Corporation 


45-01 Northern Bivd., Long Island City 1, N. Y. 


* Fully enclosed precision ganging types 
* Standard and power types 


¢ High resolution precision types 


‘You're always TEM CML DeJUR Oe TM aaa ae 


(Typical Cross-Section) 











of any of the firms. The multimillion 
dollar plant, expected to be completed 
by late 1955, will be devoted to the 
manufacture of semiconductor devices. 
The new manufacturing facility will be 
housed in a completely air-conditioned 
windowless building one story high and 
520 ft long; an adjacent office structure 
will be two stories tall. 


As part of its plans for improved 
product diversification, Great American 
Industries, Imc., Meriden, Conn., has 
acquired as a subsidiary, the Colson 
Corp., Elyria, Ohio, manufacturer of 
material handling equipment. Great 
American manufactures cellular rubber 
and plastics products in its Rubatex 
Division at Berford, Va., and the com- 
pany’s subsidiary, Connecticut Telephone 
& Electric Corp., Meriden, 
communication and 
ment. 


produces 
electrical equip- 


The Southco Division, South Chester 
Corp., Lester, Pa., manufacturers of in- 
dustrial fasteners’ has purchased Lion 
Fastener, Inc., Honeoye Falls, N.Y. Lion 
Fastener quarter-turn locking devises 
will contirue to be manufactured at 
Honeoye and distribution will be ex- 
tended through Southco’s representa- 
tives in major cities. 


Silicone Seals, Inc., Chicago, has been 
formed to engage in the design and 
production of silicone rubber hermetic 
terminals, using General Electric and 
Dow Corning silicone rubbers. The com- 
pany has been organized by Leonard 
E. Brown and Robert Shattow, both 
of whom have considerable experience 
in engineering, design, production, and 
sales of hermetic terminals. 


In line with its expansion program, 
the Gudeman Company of California, Inc., 
is moving its branch at 9200 Exposition 
Blvd., Los Angeles, to larger quarters 
at 2661 S. Myrtle Ave., Monrovia, Calif., 
where expanded production lines and 
increased engineering personnel will be 
housed. The new plant will adjoin the 
Dilectron division of the Gudeman com- 
pany. D. H. Allen will continue as plant 
manager of the Pulse Components Divi- 
sion which specializes in military and 
commercial delay lines, pulse trans- 
formers and pulse forming networks. 


Preway, Inc., Wisconsin Rapids, 
Wisc., has purchased the Federal Prod- 


| ucts Division of the Federal Malleable 
Ce.., 


Milwaukee. The sale covers the 
patent rights to the electric heaters pro- 
duced by Federal and includes all in- 
ventory, tools, and special machinery, 
which are being moved to Wisconsin 
Rapids. Plans are under way to further 


| 
| develop and expand the electric heater 
| line that Federal formerly made. They 


will carry the Preway brand name. 
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Two typical ways of holding heating elements 


with AlSiMag ceramic insulators 






These insulators are noted for their 
great strength, excellent resistance to 
thermal shock and low electrical leakage. 


j 
s 1 


because: 


@ Excellent electrical characteristics at elevated temperatures. 
@ Resistant to repeated HOT-COLD shock. 


@ Low electrical leakage . . . AlSiMag 197 insulators are your best 
assurance against your customers getting an electrical shock from your product. 


® Long life .. . means long, uninterrupted service and customer satisfaction. 


® Strong . . . chipping or breaking in assembly is rare, even under fastest 
handling. This speeds assembly, lowers cost. 


® AlSiMag 197 was developed many, many years ago specifically for 
heater wire supports in appliances. It is the most 
thoroughly proven top quality insulator... has been used with complete 
satisfaction in millions of appliances. 


High quantity...high quality...low cost...dependable service... 
dependable delivery...standard or custom made designs... 
send us sketch or blueprint for recommendations and prices. 


S4TH YEAR OF CERAMIC LEADERSHIP 


AMERICAN LAVA CORPORATION 


A SUBSIDIARY OF MINNESOTA MINING AND MANUFACTURING COMPANY 
CHATTANOOGA 5, TENNESSEE 


Branch offices in these cities (see your local telephone directory): Cambridge, Mass. * Chicago, Ill. 
Cleveland, Ohio ¢ Dallas-Houston, Texas * Indianapolis, Ind. e Los Angeles, Calif. « Newark, N. J. 
Philadelphia-Pittsburgh, Pa. © St. Louis, Mo. e South San Francisco, Calif. © Syracuse, N. Y. 
Tulsa, Okla. © Canada: Irvington Varnish & Insulator Div. Minnesota Mining & Mfg. of Canada, 
ltd., 1390 Burlington Street East, Hamilton Ontario, Phone Liberty 4-5735. ALL OTHER EXPORT: 
Minnesota Mining & Manufacturing Co., International Division, 99 Park Avenue, New York, N. Y. 





Tene a Lah 


OVER 2300 
STANDARD SIZES 








Yes - Sizes from 12x12” to 60x90” 
.. . we have them all and they all 
comply with J.1.C. apecenERe ne 
for junction boxes. 


Send for Standard Size 
and Price List. 
Standard Price includes: 

1. Prime Coat 

2. Neoprene Gasket 

3. Sub Panel 

4. Mounting Lugs 

5. Captive Screws 


We fabricate custom [) 


enclosures of all types 
601-607 Ottawa Avenue, N. W. 
ae | COX ‘eer GRAND RAPIDS 2, MICHIGAN 


PRE-SET, TAMPER-PROOF 
TIMING 













CONTROLLED 
la 


at a price you can 
afford 





Practically non-breakable, Dura- 
kool Pre-set Timer Relays have 
more than proved themselves on 
the roughest and toughest jobs 
that could be found. Year by 
year, their use increases in sense- 
tional fashion. 

Controlled time available from 
15 to 20.0 seconds in either nor- 
mally open or normally closed 
actions, 3 to 4 week delivery. No 
waiting. Your production schedule 
is met. 


No false contacts 
No chatter 
Quiet in operation 


tt ot 


Eliminates double contacting 


See telephone directory for local dis- or breaking of circuit 
tributor or write 


®DURAKOOL, INC., Elkhart, Indiana 


O Weston Rd., Toronto 9, Canada 


aoe ea! 


Durakool #3" 


WL Ae 
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Preway presently manufactures domes. 
tice oil and gas heaters, gas and electric 


Bilt-In ranges, electric and gas ranges, 


Polypenco, Inc., a subsidiary of The 
Polymer Corp., Reading, Pa., has been 
appointed to distribute the parent or. 
ganization’s new ferro-magnetic plastics 
core material, Ferrotron, both in this 
country and abroad. The new material 
was developed for high-frequency appli- 
cations, including use as cores, filters 
and attenuators. 


To broaden its activities in the elec. 
tronics field, the Phileo Corp., Phila- 
delphia, has created a new division. to 
be known as the Lansdale Tube and 
Transistor Co. The new division, with 
its main plant at Lansdale, Pa., has 
been a Philco subsidiary since 1947. 


The Lau Blower Co., Dayton. Ohio. 
expects to occupy its new manufactur- 
ing and office building late this year. 
An addition to the present Dayton plant, 
the new building will increase factory 
and office facilities by 65,000 sq ft and 
will make possible increased produc- 
tion of the company’s blowers and fans. 


As part of its expansion program. 
which recently included purchase of 
the Miniature Components Co. of Glen- 
dale, Calif., the Electronic Specialty Co. 
of Los Angeles has acquired controlling 
interest in Electromec, Burbank, Calif. 
Electromec will be operated as a sub- 
sidiarv and will continue its present 
activities which include the manu- 
facture of electronic and_ electro- 
mechanical equipment, large screen os- 
cillosecopes and sweep frequency genera- 
tors. Construction is being completed 
on a 20,000 sq ft plant in Los Angeles 
to house all the divisions of Electronic 
Specialty Co., including manufacturing 
facilities for the Shavex and Contract 
Divisions and the newly created Minia- 
ture Components Division. 


Tuttle & Kift, Inc., Chicago subsidiary 
of Ferro Corp., celebrated the produc- 
tion of its ten millionth range surface 
cooking element in June. To mark this 
milestone, several of the Monotube heat- 
ing units were gold-plated. One of these 
was given to Robert A. Weaver, board 
chairman of Ferro. Others will be pre- 
sented to Tuttle & Kift’s range cus- 
tomers. It is estimated that nearly four 
million electric ranges have been equip- 
ped with Monotube surface units in the 
past eight years. 


Thomas Currie and Kenneth Van 
Dyck. members of the Society of Indus- 
trial Designers, have organized the firm 
of Currie and Van Dyck, Southport, 
Conn., to provide industrial design ser- 
vice to industry. For the past two years 
Mr. Van Dyck has been executive man- 
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TEMPERATURE LIMIT OF RESISTANCE TO PROGRESSIVE SCALING 


in Still Air 


AM 25-20 
Type 310 of 314 


Continuous Service 


Temperature, Degrees F 


EFFECT OF GRAIN SIZE ON HIGH 
STRENGTH AND DUCTILE 
10.000 Hlours for Rupture 





Numerals 
average 


sta 


‘2 












BEHAVIOR OF CHROMIUM STEELS OF DIFFERENT ALLOY CONTENT 


During Hydrogen-Sulfide Attack 





RE GRADIENT 


p: 0.07 C, 0.33 Mn, 0.020 S, 
0.019 P, 1.00 Si, 16.96 Cr 


. 


OF STEEL 










Here's 124 Pages of Valuable Data 
On STAINLESS STEEL 


Stainless and heat resistant steel can usually be 
classed as a critical material, since it not only 
contains strategic alloys but is indispensable in 
many vital industrial and armament applications. 
It is always important, therefore, to make every 
pound go as far as possible. 

The latest edition of our comprehensive 124- 
page, case-bound Stainless Steel Handbook is 
ready for distribution now. It will help you to 
select the xight stainless steel and to use it 
properly. Comprehensive listings of analysis, 


You can make it BETTER with 


Allegheny Metal ‘ 


Warehouse stocks carried by all Ryerson Steel plants 


wap S105 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


properties and characteristics of each type will 
guide you in specifying grades that will do your 
job most efficiently. Clear, concise fabrication 
data will help you speed production and cut waste. 

Your copy of the Stainless Steel Handbook 
will be sent—without charge—upon request. Our 
only stipulation: please make your request upon 
your company letterhead. @ Write Allegheny 
Ludlum Steel Corporation, Oliver Building, Pitts- 
burgh 22, Pa. 


ADDRESS DEPT. EM-69 
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With over 30 years of molding and tool and die making exper- 
ience, KUHN & JACOB can show you how to save time and 


expense and still get the best in plastic moldings. 


Remember that name — KUHN & JACOB — specialists in com- 


pression molding of thermosetting plastic materials. 


Write, on your letterhead, for copies of two new book- 
lets; “How to Buy Custom Molded Plastics’’ and 
“Plastics, — The Story of An Industry.” 


MOLDING & TOOL CO. 
1204 SOUTHARD STREET, TRENTON 8, N. J. 


fhe Best... 


ager of the design firm of Peter Muller- 

Munk Associates, and for eight years 

| prior, was assistant director of styling 

for the Eastman Kodak Co. Mr. Currie 

| was formerly associated with the ap- 
pearance design section of General 
Electric Co. 


The name of the General Electric In- 
dustrial and Transmitting Tube Sub-De- 
partment in Schenectady, N. Y., has 
been changed to Power Tube Sub-De- 
partment. R. QO. Bullard remains as 
general manager of the subdepartment, 
which manufactures metal and ceramic 
tubes, ignitrons, thyratrons, vacuum 
and gaseous rectifiers, and other types, 
as well as microwave devices. 


New West Coast plans for the assem- 
bly of selenium rectifiers will be put 
into operation this summer by Fansteel 
Metallurgical Corp., North Chicago, Ill. 

Selenium rectifier cells made in the 
main company plant will be assembled 
into rectifier stacks for use in the new 
plant. located at 1015 Hope St., South 
Pasedena, Calif. 


New corporate name of Brownthorn 
Electronics, Inc., is VecTrol Engineering, 


| Inc. Mailing address remains the same: 


P. O. Box 1089, Stamford, Conn. 


Graphik-Circuits, Pasadena, Calif., has 


| been purchased by Cinch Manufacturing 


Corp., Chicago, which will operate its 
new acquisition as a division. Graphik- 
Circuits offers a compete manufacturing 
as well as an engineering service, sup- 
plying printed-circuit boards to cus 
tomer specifications. Inquiries should be 
addressed to the new division at 1709 
W. 8th St., Los Angeles, Calif. 


In its new manufacturing plant at 
Gardena, Calif., the Sierra Electric Corp. 
has consolidated operations formerly 
housed at five separate locations in the 
Los Angeles area. The new plant, which 
will triple previous production capacity 
and provide for enlarged research and 
engineering departments, will be de- 
voted to the production of plastics prod- 
ucts and electrical components and de- 


vices. 


The Onsrud Machine Works, Inc., 
Chicago has transferred its metalwork- 
ing machine division to its new plant in 


| Niles, TIL. 


Motorola, Inc., Chicago is construct- 
ing a $1,500,000 transistor manufactur- 
ing facility in Phoenix, Ariz. Plans call 
for the construction of a building con- 
taining 57,600 sq ft of usable space that 
will be devoted to the research, develop- 


| ment and production of transistors and 


other semiconductor devices. 


The newly organized Electric Timing 
Unit Division of The United States Time 
Corp. will specialize in synchronous 
timing motors for industrial and domes- 


SEPTEMBER 1955 ELECTRICAL MANUFACTURING 


iller- 


tic applications. Production will be 








years centered in the company’s main plant | 
yling at Middlebury, Conn. | 
urrie 
ap- Sanders Associates, Inc., Nashau. N. | 
neral | H., has purchased office and plant fa- | 
| jlities in that city totaling almost 500,- 
i 000 sq ft of space. The property pre- | 
, va | yiously had been tenanted by Sanders, 
| a designer and manufacturer of elec- | 
Py tronic and hydraulic servo components | 
} and systems. 
s as | : 
ene Hall-Scott Motors Co., Berkeley, | 
wT Calif., has entered the electronics field | 
ite through the acquisition of Bardwell & 
YP&S, | McAlister, Burbank, Calif. Established 
in 1932, the new Bardwell & McAlister 
ssem- | division occupies an 88,000 sq ft plant 
put and has specialized in electronics for 
nsteel | guided missiles, radar and classified 
», Tl work connected with the atomic energy 
n the | program. 
nbled | 
new | A new West Coast electronics center 
South | for Allen B. Du Mont Laboratories, Inc., 
| is being constructed in Los Angeles, 
Calif.. with occupancy scheduled for 
thom | later this year. The building, located at - 
ering, | 11800 West Olympic Blvd., will contain with tough TEFLON 
anes approximately 30,000 sq ft and will 
. handle West Coast electronics commit- Stand-off and Feed- 
+ has ments and sales both for military and 
uring industrial purposes. Du Mont will con- through insulators 
te its tinue to occupy its present West Coast 
a1 headquarters at 11845 Olympic Blvd. ‘ : . 
tr ' until the new building is completed. cee eee 
, sup- ae — with duPont TEFLON, which permit 
ante General Electric is expanding its fa- compression mounting directly into 
ld he cilities at Owensboro, Ky., by con- punched chassis without additional 
1709 structing a 112,000 sq ft plant to house landurnce: faciitiebaaniahishuntentlaen 
ne development and other fa- greatly sasilhiatias assembly costs, asittes 
cilities. Owensboro tube production is . . . i 
at concentrated on the company’s Five- ee aoe 
orp. Star line of high reliability miniature : ° : 
merly and subminiature receiving ao —a nem vemataediteaaiieaal 
in the | - perature service. 
which | The Siegler Corp., Centralia, Ill., has And TEFLON Insulated Compo- 
pacity | purchased the entire outstanding stock nents are now competitively priced 
h and | of the Hallamore Manufacturing Co., with those of lesser quality—due to 
e de- Long Beach, Calif., manufacturer of simplified manufacturing tech- 
prod- electronic remote-control and_ testing niques, mass production methods 
id de- equipment and other electronic devices. and declining material costs. Inves- 
The new acquisition will be operated by tigate “‘price-wise’’, too. 
er Siegler as a separate division and will Nineteen stock sizes of Chemelec 
ail be known as Hallamore Electronics Co. stand-off and feed-through insu- 
sti | tae Watson Manfcting Ca Co ator, including, sb-miniaare, 
verport, Ky.. * expanding its manufac- Chemelec Bulletin No. EC-1153. 
struct- turing facilities through the purchase 
factur- ofa factory building at Maceo, Ky., and Fluorocarbon Products, Inc. 
as call ee of a tract of land near Division of 
g con | wensboro, Ky. where a plant will be 
‘e that constructed next year. The company UNITED STATES GASKET COMPANY 
velop» | manufactures infra-red ovens, lighting Camden 1, New Jersey 
rs and | fixtures and related products. 
— sige one of its California sub- | FABRICATORS OF 
imin sidiaries, International Resistanc - has | 
s Time | purchased EMEC, Inc., besnde, ao | Uy fine, G FLUOROCARBONS & OTHER PLASTICS 
ronous manufacturer of magnetic clutches for | Representatives in principal 
domes electronic and electrical applications. cities throughout the world 
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your EXACT type 
BRUSH HOLDER 


We design them 


FOR.... 
@ INDUSTRIAL MOTORS 
@ CRANE MOTORS 
@ HOIST MOTORS 
@ MILL MOTORS 
@ MINE MOTORS 
@ CONTROLLERS 
@ ROTARY CONVERTERS AC-DC 
@ RAILWAY MOTORS 





2981 





3076 





When your specifications demand 
BRUSH HOLDERS with high wearing 
qualities, low maintenance cost — pick 
from our more than 1,000 types, or have 
our engineers design your special type. 


These special designs shown are three 

of many produced for specific applica- 

Giems.. s, «was 2. 0 + Se Sens 

special’ in BRUSH HOLDERS is pro- 

duced by the specialist. Ask FLOWER 
WRITE FOR CATALOG 4-M 


Wat) 1 cme 


1217 Spring Garden Street, Phila. 23, Penna. 
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Abstract and Comment 





Tomorrow, The Engineer’s Era 


JOHN C. SHARP, President 


Horpornt Co., Chicago 


NEVER IN OUR HISTORY have we seen 
such a demand for engineers. Young 
graduates are being wooed in a manner 
such as experienced by few brides. The 
result is that some of these young men 
may think that the era of the engineer 
is here today. I do not think so. 

The pay for engineers is comparable 
to other professions, and higher than 
many. But that still does not prove that 
the engineers are going to form the pol- 
icies of this country or the world. We 
see the tremendous rise in the standard 
of living in our country. It is not egotis- 
tical, nor presumptuous, to say that 
most of this rise is due to progress 
based on engineering achievements. 

Not many years ago, engineers were 
mainly concerned with the basic indus- 
tries, or equipment for those industries. 
Today, the American family is shel- 
tered, heated, cooled, fed, preserved. 
cleaned, transported and entertained by 
highly engineered products. The home 
is a non-profit factory, and the kitchen 
involves processes rarely found in any 
one laboratory. High temperatures and 
low temperatures, pressures and vacu- 
ums, acids and alkalies are all em- 
ployed. 

The present situation with respect to 
the new giant of nuclear energy might 
lead to the conclusion that the engi- 
neer’s era is today. The tremendous en- 
gineering development, design, con- 
struction and operation of the produc- 
tion facilities was a great accomplish- 
ment, once the scientists had established 
the formulas. 

The public does not understand nu- 
clear fission, and probably never will. 
But they have observed that the engi- 
neers have been able to handle and con- 
trol this monster. The people have 
learned from experience that other 
startling advances in engineering de- 
velopments have matured to their bene- 
fit. They have placed their faith in the 
engineers in this case. 

Nuclear fission, as well as chemical 
synthesis, electronics, and many other 
recent rapid developments, have made 
the engineer more and more essential as 
a public figure. Every day large appro- 
priations are being approved by busi- 
ness men on the word of engineers. The 
complicated and technical equipment 


has to be developed, designed and oper- 
ated by technical personnel, at least 
through the initial stages. 

The old, established industries are 
advancing so rapidly, and along such 
vigorous lines, that engineering science 
more than ever is required over em- 
pirical methods. The investments are too 
high, and the dangers too great, to use 
less than the best trained men and the 
best equipment. Steanf pressures, 
speeds, transmission voltages, frequen- 
cies, capacities, strengths of materials 
and many other characteristics, or prop- 
erties, are being increased so rapidly 
that obsolescence is commonplace. 

In spite of these indications that the 
well-being of the public, and of the 
country, is greatly dependent upon the 
engineers, it is certain that accomplish- 
ments, invention, construction, or pro- 
duction are not enough. Society is not 
yet ready to accept the apparently sound 
and logical way of life based on engi- 
neering laws. 

We engineers work with both things 
and people. Things respond dumbly to 
scientific laws; people respond to an 
attitude, an idea or ideal, an emotion, 
a challenge or many other influences. 
Before we have an era in which people 
live under influences, or plans, devel- 
oped by engineering and engineers, we 
must reconcile and compromise these 
differences. 

As engineers we face a dilemma: We 
see that our society, and the world, 
would be so much better off if it could 
be guided by the clear, logical thinking 
that goes into an engineering program. 
But, practically, we must admit that 
many of our laws of science are not ap- 
plicable to people, regardless of their 
success with things. 

No one man, nor a group of men, can 
plan all things for all people. The com- 
munists are trying it, but their present 
successes are brought about by force, 
which eventually will surrender to the 
thinking of free men. People must have 
their freedom of choice, even though 
it is apparently not best for them. If 
that freedom is surrendered, then edu- 
cation, growth and improvement stops, 
except for things. 

The era of the engineer is here insofar 
as things are concerned. The era of the 
engineer insofar as pople are concerned, 
is not here. There is much to be done 
to bring this about specifically. 
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There’s a Furnas Electric Drum Control for every drum require- 
be ment . . . over 1000 models for standard and special applications. 
ial Durability, ease of operation, versatility and low cost of drum 
em- controllers make them adaptable to the majority of applications 
> too satisfied by manual control. 
use 


the | ENGINEERED FOR DOUBLE DUTY 


ires, Only Furnas Electric offers you a reversing drum control with a 

— built-in thermal overload unit. Engineered for double duty, the 

ia JTS costs less than one-half what you would pay for a manual 

idly reversing starter to perform the same job. Its advantages .. . 
o smaller size, fewer operating parts and lower cost . . . add up 

the to a better control for you. 

the 

the 


lish- 


pro- REVERSING WITH 
; an BUILT-IN THERMAL RELAY 
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MULTI-SPEED SERIES J REVERSING SERIES R REVERSING ¢ = «@ 
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orld, 
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king i What’s your application—there’s a Furnas 
pram. Electric drum controller for the job. Select 


that from Reversing, Multispeed, Reversing Multi- 
an ) speed, Weatherproof, Explosion-Proof, Cam, 

aa Hoist, Magnetic Chuck, Star-Delta and many 
om a others. Long experience and field service as- 
com: ' sure efficiency and dependability for your 


esent standard or special applications. 
rorce, 
a PANEL MOUNTING 
o me WITH LOCK 
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| —— was COMPANY 

isofar ; ; Batavia, Illinois. . 
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EXPLOSION PROOF 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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SIZE 


37a 3" x 4" 


CHARACTERISTICS 


2 degrees of freedom 
..- 360° in roll, + 82° in pitch 


Repeatability to established vertical 
...15 Minutes max. of Y% cone angle 


...0.5°/Minute 
...3 minutes at start 


...3°/minute-Normal 80° /minute-Fast 


Synchro Output (each axis) 
.. + 11.8 volts, 400 cycles 















South Central Office: 6115 Denton Drive, Dallas, Texas 


| 
i | 
| 
Unsurpassed ' 
! 
IN PERFORMANCE | 
| Free drift rate 
f /] / Erection Time 
Cuda é | Erection Rate 
IN COMPACTNESS |! 
| 
Only Kearfott can offer a Miniature Vertical gyro with big gyro 
Performance. Completely self contained, this gyro requires No 
External Erection Amplifiers. A gravity sensitive electrolytic device, 
within the gyro, directly associated with the torquer motors, pro- 
vides the necessary vertical reference. 
Hermetically Sealed, filled with a dry, inert gas. Satisfies the require- 
ments of MIL-E-5272 as regards shock test (Procedure II) humidity, 
salt spray, fungus resistance, rain, sand, dust, immersion and 
explosion proof. 
This gyro duplicates the performance of the Kearfott T2108 series 
in 4 the volume and weight. 
KEARFOTT COMPONENTS INCLUDE- 
Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Hermetic 
Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy 
mechanical, electrical and electronic 
components. 
Engineers: Many opportunities in the 
above fields are open. Please write for 
details today. 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
' KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Il. 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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First, the engineers, and the engineer- 
ing organizations, should be more con- 
cerned with social responsibility. The 
past 20 years have shown that if the 
citizens do not do their own thinking, 
there is a swarm of little busy bees 
ready to do it for them. Let no engineer 
think that he is above politics, or that 
he can leave social responsibility to 
someone else. 

Next, the engineer should reach for 
a broader base in the human area. Study 
of human behavior, economics, phil- 
social and political science 
should make a better engineer and, 
most certainly, a better citizen. Perhaps 
public speaking might be squeezed in 
and, certainly, more courses in English, 

We see the small liberal arts colleges 
struggling for existence. The technical 
schools are essentially large institutions 
with expensive equipment. A coopera- 
tive arrangement between the two cer- 
tainly seems logical and possible. We 
need to keep the smaller colleges in 
business. 

It is very evident that as our prod- 
ucts and production become mort 
highly engineered, the proportion of en 
gineers in the second and lower levels 
of management must increase. In some 
basic industries, this is already occur- 
ring. Even in the area of distribution, 
the need for an engineering approach 
is evident. 

At the same time, the predicted 
growth of our country makes certain a 
serious shortage of professional man- 
agers. Industries will be forced to au- 
tomation, and here experience and in- 
tuition will not be reliable guides. To 
be a manager in an automated business, 
a man must be able to handle systematic 
knowledge. And who has had a better 
basic education in this field than the 
engineer? And if the engineer’s era is 
to arrive, sufficient engineers must move 
up to the policy-making level. 

When the day arrives where a major- 
ity of the people have an understanding 
of engineering principles, and when 
most engineers have a better under- 
standing of people, then we will have 
an era of great promise. It would be 
an era of steady growth in the art of 
living with each other and with our 
neighbors throughout the world O O O 


osophy, 


address before the 
Annual Conference for Engineers, 
Ohio State University, Columbus, May 6, 
1955. Mr. Sharpe, who received a B.M.E. 
degree here in 1923, was for many years 
engineering vice president of Hotpoint. 


Abstracted from an 


Second 


Air Navigation System 


A RADIO NAVIGATION SYSTEM, known as 
TACAN (tactical air navigation) has 
been developed by International Tele- 
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NOT ALL CUSTOMERS ARE MECHANICS 


If your product has many parts, this may present a 
puzzling assembly problem to your customers One way 
to avoid complaints is to ship your product completely, 
or at least partially, set up. Even a 350-Ib. garden 
tractor can be shipped “ready to roll” in a specially- 
designed Gaylord corrugated container. 


For a fresh look at your own packing and shipping 


practices, call in your nearby Gaylord representative. 


| CORRUGATED AND SOLID FIBRE BOXES+ FOLDING CARTONS + KRAFT PAPER AND SPECIALTIES + KRAFT BAGS AND SACKS 


GAYLORD CONTAINER CORPORATION * ST. LOUIS 


SALES OFFICES FROM COAST TO COAST * CONSULT YOUR LOCAL PHONE BOOK 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 341 





phone and Telegraph Corporation. The 
system provides an aircraft pilot with 
continuous information on the position 


The best-performing unit we have ever tested... 
able to record speed deviations to %%" 


Thus writes 
a customer about 
his first order of 


And another... 


". « - less than half the ri 


competitive unit... less# 
able commercial specificatil 
that further contract comfy 
units would be from Instrum 


oF 


We are, of course, pleased by these spon- 
taneous expressions of appreciation. But 
not surprised, because the only reason for 
our being in the field of rotating electrical 
gear is to do things a little better — and 
then a bit better than that! 


FRAME 16 designates a versatile line of 
compact, precision heavy-duty P-M D-C 
Tachometer-Generators and Motors. They 
are under 4” in overall length and less 
than 2” in diameter, and customarily ex- 
ceed MIL Specs by a margin that some 
people find very wxcomfortable—but that 
seems to please our customers very much. 


As Motors, Frame 16's are available for 
voltages from 6 to 230, delivering 1/30 
to 1/100 hp at speeds up to 16,000 rpm 
under continuous duty . . . and higher 
in intermittent service. 


As Tach-Generators, Frame 16 units can 
range from 0.46 to 2.4 Volts-per-100- 
rpm, with ripple no higher than 3%. 


Frame 16's Mack-truck toughness belies 
its watchmaker workmanship. Full struc- 
tural, electrical and performance data arc 
given in Data Sheet 542, which is yours 
for the asking. 


272 
STAM 


of his aircraft, both distance and direc- 
tion of flight, relative to a fixed ground 
station instantly, automatically and ac- 
curately. The equipment is small and 
compact (7 x 10 x 15 in.) and occu- 
pies only about 1000 cu in. 

It was designed for the U. S. Navy 
by Federal Telecommunication Labo- 
ratories, Nutley, N. J., research divi- 
sion of International Telephone and 
Telegraph Corporation. and has been 
under development by the Laboratories 
since 1948. The new military air navi- 
gation aid has already been accepted 
by the Air Navigation Development 
Board (ANDB) as the basis for a com- 
mon navigation system capable of serv- 
ing all types of aircraft. 

As an integrated, short-range navi- 
gation aid, TACAN is designed to pro- 
vide the high degree of accuracy re- 
quired by today’s fast-moving aircraft. 
Its adaptability to varying conditions 
makes it well suited to the tactical 
requirements of military operation. The 
new system has an azimuth or bearing 
accuracy to within 1 deg and a distance 
accuracy of the order of 0.2 mi. O O O 


Zinc Alloy Standards for 
Spectrographic Analysis 


IN A PAPER before the recent Pittsburgh 
Conference on Analytical Chemistry 
and Allied Spectroscopy. M. D. Cooper 
of General Motors Laboratories Di- 
vision outlined steps by which General 
Motors Research Laboratories, the 
Chicago branch of the National Lead 
Company and the National Bureau of 
Standards developed an overall stand- 
ards plan for zinc-base alloys. Ground- 
work for the project, he said, began 
when GM’s spectrographic committee. 
of which Mr. Cooper is chairman, be- 
gan seeking a casting method to pro- 
duce large lots of zine-base alloy sufh- 
ciently homogeneous for spectrographic 
standards. The committee found that 
the National Lead Company had a 
continuous casting process that would 
fit logically into a standards program. 
The National Bureau of Standards 
was consulted about producing stend- 
ards for all industry. Preparation of 
the standards was financed bv GM 
Research Laboratories. 

Mr. Cooper described the casting 
technique as follows: The molten zinc 
alloy flows into a water-cooled die be- 
low the surface of the melt where it 
solidifies and is extracted vertically 
in increments of approximately 1 in. 
by an overhead mechanism. A stirrer 
operates during the casting process to 
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The Carry Cool Portable Room Cooler is manufactured by the Utility Appliance 
Corp., Los Angeles, Calif. It features a 2-speed fan, 3-gal. water reservoir, 
air filter and 12” fan blade. The Carry Cool can be used to cool or exhaust 
air. The Dylene polystyrene grille is molded by the Mutual Plastic Mold Co., 


Los Angeles, Calif. 


Complex Safety Grille 
made quickly with 22-02. 


of fast-flowing Dylene* polystyrene 


It takes an intricate die to form this fan 
grille, and it takes a fast-flowing plastic 
to fill all 27 of the ¥2”-deep louvers. A 
22-0z. shot of medium impact Dylene 
polystyrene by Koppers did the job— 
quickly, economically. The attractive 
Safety grille is light weight, easy-to- 
clean and impact-resistant. 

Many manufacturers reduce costs 
and add color to their products by 
using Dylene housings, knobs, grilles 
and frames. You can mold Dylene 


plastic in any shape you need. And it 
keeps its bright, shiny look because the 
color goes clear through the plastic. 
Wherever you need a material with 
high impact resistance along with bright 
colors, low water absorption, light 


Mn, 
KOPPERS 
WwW 


® ATLANTA - 


shot 


weight and easy moldability, Dylene 
polystyrene is the right choice. For 
more information about this useful 
plastic write Koppers Company, Inc., 
Chemical Division, Dept. «M-95, 
Pittsburgh 19, Pennsylvania. 


*Koppers Trademark 


SALES OFFICES: NEW YORK - 
CHICAGO 


BOSTON - 
* DETROIT - 


PHILADELPHIA 
HOUSTON - LOS ANGELES 
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Model 3-150X 


Output: er 300 V.D.C. 
-ESOMA 





Model 4-200X 


Output : 300-400 V.D.C. 
0-200MA 





Model 1-20X 


Output: 150 V.D.C. 
0-20 MA 


dressen-barnes 
sub-chassis mounting units 


The Model “X” regulated power supplies 
save designing time...are easily and 
quickly installed .., cost less than units you 
can build yourself. Quality Dressen-Barnes 
construction, and freedom from maintenance. 
Eight stock models available in outputs from 
100-500 V.D.C.... current from 20-300 MA 
—and each model has an adjustable output 
range. Ripple on all models is below 10 MV. 
Specials built to your order. 


Write for literature on Model “X” units. 


aressen-barnes 
DRESSEN-BARNES CORP., 250°C N. Vinedo Ave., Pasadena 8, Calif. 
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The Rugged 
Telephone Type Switch 
of “T-Beam” 
Construction 








2 and 3 Position Types 





A Unique Design That Has Been 
Universally Accepted By Today’s Design Engineers 





Use this Telephone Type Lever Switch for 
dependable switching. 


Exceptionally light, 
long life. 


rugged construction for 


Proved in thousands of installations during 
the past 4 years. 


Send for bulletin $-52 or outline your prob- 
lem. 


ete he ete 





SM\TOACRAET 


1324 N. Halsted St., Chicago 22, Ill. 


Canadian Representative: Atlas 





Radio Corp., 
AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS @ 


Ltd., 50 Winaold Avenue, Toronto, Canada. 
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maintain uniform 
alloying elements. 


of the 

Approximately 3000 

lb of zinc alloy is cast in each heat. 
The standards 


distribution 


themselves are seg- 
about 1 in. long and 134 in. 
in cross-section cut from a continuously 
cast bar 333 ft long. To be sure that 
all of the alike their 
composition determined ac- 
curately by laboratory tests that in- 
clude chemical, spectrographic and 
metallographic analyses. 

When the new standards are certi- 
fied, Mr. Cooper said, they will be 
divided between the Bureau of Stand- 
ards and General Motors. GM’s share 
will be distributed within the corpora- 
tion. The Bureau of Standards will 
make its portion available nationally. 
These Standards, it is stated, will give 
an accurate, basic “yardstick” with 
which they can compare the composi- 
tion of any heat or melts of zinc-base 
alloys. Oo © 


ments 


segments are 
must be 


Railway Electrification Future 
Being Studied by Penna RR 


A COMPREHENSIVE sTupyY of the future 


role of electric power in the operation 


of the Pennsylvania Railroad is now 
being undertaken jointly by General 


Electric Co., Westinghouse Electric 
Corp., and engineers of the railroad. 
Gibbs and Hill, New York consulting 
engineering firm, has been engaged by 
the railroad to supervise and coordinate 
the study. 

With 75 per 
dieselized, the 
tion 


cent of the 
future of electric opera- 
important economic and 
operational problems which the survey 
is designed to answer. 


service 


pe ses 


Among these, 
according to James M. Symes, president 
of the Pennsylvania, are further possi- 
bilities in the integration of diesel and 
electric service, the question of the 
economics of diesel and electric 
tion in 


opera- 
and the rela- 
tionship of these factors and others to 
the elimination of the remaining small 
segment of steam 
Pennsylvania. 

Out of this study, Mr. Symes said, 
should come answers to such questions 
as: Should electrification be expanded, 
should it be limited to its present scope, 
or should it be cut back? It is be- 
lieved that there will emerge also sug- 
gestions for improved electric freight 
and passenger locomotives, as well as 
for ideal types of high-speed electric 
passenger cars to be used not only in 
commuter service, but in longer runs. 

Mr. Symes said that the company’s 
fleet of suburban cars must be replaced 
in reasonable time with new equipment. 
He added that the railroad wanted the 


various services, 


operation by the 
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10 The pioneer builder of machine-ground b/b 
screws announces a revolutionary new line of... 
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: STANDARD-SIZED ROLLED-THREAD 
= SAGINAW Ball/Bearing SCREWS 
é- = - +~PRICED AS LOW AS, OR LOWER 
i = THAN, ORDINARY ACME SCREWS! 


Get up to 6 times more efficiency... 
save at least 2/3 on power 
requirements or manual effort! 


Here’s great news for every manufacturer who 


re 












ure uses Acme screws or hydraulic actuators in his ROLLED-THREAD SAFETY b/b SCREWS CAN BE MANU- 
ion | product! Saginaw now offers Rolled-Thread FACTURED IN THESE STD. SIZES AND ANY SCREW LENGTH: 
ow Safety b/b Screws in standard sizes at amazingly Ball Circle 
low Ra lucti 3 . Diameter Ball Size lead 
ral ow mass-production cost. 
oe 375 0625 125 
tric In many applications this new rolled-thread type 631 125 200 
ad. will provide completely adequate performance at 1.000 15625 250 
ae a fraction of the cost of machined-thread units. 1.171 28125 41304 
g : : ; 
by GIVE YOUR PRODUCTS THESE PERFORMANCE aa pa ae 
jate ADVANTAGES AT NO INCREASE IN COST — z - 
ee 3.000 .500 .660 
— * Atleast 90% efficiency guaranteed—compared 
eat with 15% to 20% efficiency of Acme screws. 
PY a- | 7 . ROLLED-THREAD SAFETY b/b SCREWS ARE ALREADY BEING 
aa * Requires less than 1/3 as much torque as SUCCESSFULLY USED IN THESE TYPICAL APPLICATIONS: 
an Acme screws for same amount of lineal output. . 5o 
“Vey ; 7 , p e Automatic Garage @ Circuit Breakers 
* Saves substantially on cost, size and weight Doors © Convertible Top Lifts 
we : of motors, gear boxes and auxiliary equipment. 6 Autemobiie S008 ® Die Table Positioners 
ent | . ‘ , . . . 
: * Far less wear—less maintenance—longer life. Adjusters and Window —e Drill Presses 
)SSI- ee akg. aa z Lifts © Marine Steering 
and Precision positioning—free play can be vir- i Besher Chie én 
tually eliminated where necessary. 
the . 5 a e@ Bumper Jacks @ Welding Machines 
era * Operates dependably with or without lubri- 
| r ati ‘ > ors > —_— 7° —n0 7 
lie cation at temperatures from 75° F. to +175° F. Saginaw Steering Gear Division 
so fSeneral Motors Corporation 
: i Dept. 9M, Saginaw, Michigan 
7 | Please send detailed data on your new Rolled- 
ne 
Thread Safety b/b Screws. | am interested in their 
said, application to: 
ions | Name—Title 
ded, Firm 
ope. arth i 
"I Address _ == 
_ be- 
sug- New standard Saginaw ball-nut can be furnished threaded or with City___________ Zone. State 
i flange or trunnion-type adaptors for easy application to almost any unit. 
ight Mail coupon today for full details and 
ll as er } 2 engineering recommendations for your needs. 
ctric 
yin Swe afety 
Bi 
any’s aa 4 
aced be 
1 the Z earin 
URING 
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best, most efficient, and economical car 


Why Westinghouse uses ihet cies bo belle 


Also to be studied, the announcement 
said, was the possible extension of the 


their present terminus at Harrisburg 


‘\ - ~ 


| 
road’s electrified lines westwardly from 
to Altoona, Pa. | 


Automation to Offset 
Predicted Labor Shortage 


“AUTOMATION is an economic necessity 


for America during the next 25 years 
and must be adopted at every oppor- 
tunity because of the more educated and 
mature populace which will come into 
existence in that time.” So declared 
Milton O. Cross, Jr., president of The 
Cross Company, of Detroit. before the 
New England Congress of the National 
Metal Trades Association at Providence. | 
“This better educated population 
will experience a very acute shortage 


Westinghouse 30, 60, 100 and 200-amp 
Load-Break "De-lon”’ Switches 


: Westinghouse now offers a line of new heavy-duty visible-blade “de-ion”’ alk Miia aiid, sell Biante te tee Otel 

: load-break disconnect switches in which Gibsiloy electrical contacts play ae jpn ai IN Bs iittala . 

; a prime role. Available in 30, 60, 100 and 200-amp ratings, these switches i elie WO ee hoe 

} have high interrupting’ and overload capacities, and low full-load tempera- some aspects of sidniateliea in the ma-_ | 

j ture rise. Their efficient design saves space, and their ability to withstand a ei NN iE an ake 

i many operations makes them suitable for use as motor circuit switches. impact of this new industrial method 

: Selection and design of electrical contacts is an essential factor in the sa aleelacilaanea ARIE eal, Bie al aieaiEa 

i performance of the Westinghouse ‘“‘de-ion” switches. High-pressure butt re ee ee ae 
contacts of various Gibson silver-base compositions provide low contact ee aaa : 
resistance that stays low. Moreover, Gibson contacts have non-welding His talk titled ihcaiaiaieaiias ii 

: properties and ability to carry or interrupt high currents well above the wea a i ie 3 cs ail briefs 

° switch ratings—without excessive wear. Contact maintenance is never shin shea cai tl ae: Bain applica- 

4 required. ; aa tion of automation, namely, the fabricat- 

; From a wide range of Gibson contact materials, specific Gibsiloys were ing industries, processing Saintes ani: 

: selected which fit’ the requirements of each switch. For example, one nn Boks ot spesteningl ies ROE NEE, 

6 Gibsiloy was chosen for the 60-amp moving contact because especially scieiilitaaaiaalaae. F ~ a 

: low contact resistance was required. Another filled the needs of the 100- | ere a a oe 

. amp stationary contact primarily because of its non-welding character- niieahtie: beamed te the soe 2 0 

* istics. For both the stationary and moving contacts on the 200-amp rating, seen? Diecast Mle te psycho- 


still another Gibsiloy was the choice as a result of its high current-inter- 
rupting capacity. 

Over 21. years of Gibson experience in design and manufacture of elec- 
trical contacts are behind the Gibsiloy contacts approved by Westinghouse. 
This same Gibson experience can be put to the test to solve your own 


electrical contact problems. Send us specifications and let us help in choos- Major Revisions in Stainless 


ing the correct contacts for your product. 


Write for Gibson Catalog C-520. It offers Steel Designations 

much useful technical data, and it’s free to you. 

amp load-break 
 switeh: pay 


logically necessary.” »OC 


THE FIRST MAJOR CHANGES since 1952 
in the designations for stainless steel 









types have been announced by the 
American Iron and_ Steel Institute. 






“These changes.” according to Richard 
E. Paret, of the Institute, “are the 
result of improved industry practices 












and elimination of certain governmental 
controls. They now assure users even 
greater uniformity and dependability in 
these special requirements steel.” 

To simplify specification, standard 


Y), / , i g types of stainless steel are numbered 
— in the 300 and 400 
i. 


ret series. The last 
4 change in published Senin a 
Lett) A | 
8349 Frankstown Ave., Pittsburgh 21, Pa. 


made in August, 1952, largely to com- 
ply with NPA orders to restrict the use 
of critical alloys. 
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RING 


CUSTOM MOLDED RUBBER PARTS Insula- 
tors, bushings, grommets, vibration mounts, valves 
and other precision mechanical rubber parts are 
produced by Minnesota Rubber’s exclusive injection 
molding process to give you exceedingly close di- 
mensional tolerances. We formulate rubber com- 
pounds to meet high dielectric requirements as well 
as special low and high temperature performance. 
Quality control is a “must” at Minnesota Rubber. 


Ce 





SILICONE RUBBER Insulator bushings, O-ring 
seals, connector seals, aircraft parts are produced 
by Minnesota Silicone Rubber Company, an affili- 
ate of M.R.&G., where high quality silicones are 
molded to the highest industry standards. Minnesota 
Rubber’s long experience in this highly specialized 
field gives the electrical industry an extra develop- 
mental “tool” in working out silicone rubber 
problems. 


> RUBBER BONDED TO METAL Drive wheels, 
cam wheels, pump impellers, diaphragms and other 
precision rubber parts where metal reinforcement 
is needed long have been a specialty of Minnesota 
Rubber. A separate division of the company pro- 
duces these precision parts to customers’ exact re- 
quirements. We develop special compounds for high 
abrasion resistance as well as other special charac- 


PL 


s, SEALS O-ring seals, U-cups, V-rings are pro- 
duced by Minnesota Rubber in a complete range 
of standard sizes. The Quad Ring, a new “revolu- 
tionary” seal, exclusive with Minnesota Rubber, 
finds many new applications in the hydro-electrical 
field. Seals by Minnesota Rubber are the product 
of our injection molding process which eliminates 
the “flash” of conventional molding and insures 
consistently high quality in production. 








Quality control is all important at Minnesota Rubber. Repeated inspection 
assures you of consistently high quality coupled with the economies of modern injection molding. Check the 
coupon below and send for free samples and more information on these products. 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


NAME is 
FIRM 
ADDRESS 
Oy @ CITY___ 
STATE 











1 am interested in (© Custom molded rubber 
parts ( Silicone rubber © Rubber bonded to 
metal (© Seals (© Sub-miniature rubber parts 
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This new Streamliner 400 


... has wide versatility, big capacity 


... compact in size, low in cost 


The new STREAMLINER 400 was 
designed to process any type of print, 
on any material, in a range of sizes up 
to 42” in width. It prints at speeds of 
from | to 24 feet a minute. 

Low in cost, economical to operate, 
the Streamliner 400 is loaded with new 
features, and has no competition with 
any whiteprinter in its price class. 

This new model has the following 
outstanding advantages: 

Synchronized printing & developing 
... permitting continuous operation 
with roll stock. 

Speed control... for quick, positive 
changes of running speed, from 1 to 24 
feet per minute. 

Instant reversal ,.. easy to correct 
alignment errors, and permits removal 
of extraneous materials. 

Tempered plate glass feedboard ... 
gives operator clear view of stacking. 

New mercury vapor lamp ...is more 
efficient, and has a balanced cooling 
system that assures uniform exposure. 





Pressurized evaporator tube... with 
automatic controls, provides uniform 
developing, at top speed. 

Developer control dial. . . can be 
manually set for the best developing of 
any sensitized material. 

Positive pickoff ... plastic fingers lift 
prints off printing cylinder. 

Exhaust timer... blows off heat and 
vapors after operation has stopped. 


Tue basic simplicity of design and 
construction also results in minimum 
maintenance. For any company which 
requires versatility and capacity, the 
400 can show definite savings in time 
and print costs. And its price will not 
bulge your budget. 

Ask the nearest Ozalid distributor 
(see phone book) for a demonstration. 
Or write for details to 335 Ozaway, 
Johnson City, N. Y. 

OzaLip — A_ Division of General 
Aniline & Film Corporation... From 
Research to Reality 


OZALID 








Improved industry Practices Respon- 
sible. Improvements in electrical fur- 
nace melting practices and more precise 
metallurgical controls are responsible 
for many of the analyses changes. Pro- 
ducers have been able to work to closer 
alloy limits, particularly with carbon, 
thus permitting a reduction in the maxi- 
mum limits formerly permitted for some 
types. The relative amounts of carbon, 
chromium and nickel are determining 
factors in corrosion resistance and phys- 
ical and mechanical properties. Low 
carbon is required in most types for 
maximum resistance to corrosion, while 
higher carbon is employed for increased 
hardness, as in cutlery grades. Six 
types have undergone changes in the 
maximum allowable carbon content pro- 
vided for by the standard compositions. 
These are: 301, 302, 302B, 316, 317 and 
446. 

Vew Types for Improved Machin- 
ability. Machinability received close 
attention, with the establishment of 
three new type numbers for selenium 
bearing stainless steels—303Se, 416Se, 
and 430F Se. Designers and fabri- 
cators now can specify by type number 
their free-machining _ stainless _ steel 
types with additions of sulphur or 
selenium. Sulphur-bearing _ stainless 
steels are reported to be better suited 
for deep or heavy cuts; selenium types 
are preferred for shallow or light cuts. 

oR ome 


America’s Styling Taste 
improving, Designers Say 


\ pANEL of leading industrial designers 
and retailing experts recently agreed 
that America’s design taste is improv- 
ing. but that some areas like home 
furnishings demand increasing “vigi- 
lance” against bad taste. 

This conclusion was reached at a 
forum sponsored by the society of 
Industrial Designers held this past 
Spring at the Museum of Modern Art 
in New York. Society President Peter 
Muller-Munk moderated the 
which included Henry Dreyfuss, Ray- 
mond Loewy and Walter Dorwin 
Teague, all founders of the S.1.D. 

“American taste,” Peter Muller-Munk 
said. “is probably the most sophisticated 
in the world when it comes to me- 


panel, 


chanical appliances and machine tools. 
When Americans apply the same dis- 
crimination to their easy chairs and 
silverware as they already exercise 
when they buy a furnace, a bath tub or 
a lathe, then we designers will have 
really accomplished our mission.” 
Using slides of pages from Sears 
Roebuck catalogues of 1929 and 1955, 
Henry Dreyfuss said “Comparing simi- 
lar items through these pages, we see 
a continued improvement in design of 
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CAST-IRON 


SPLIT DOME 
CAST-IRON 
CONDUIT BOX 


The conduit box is a heavy duty, cast-iron, diag- 
onally split type, neatly contoured and easiest of 
access. It is fitted with a special gasket and is 
anchored to the case with four screws. Leads are 
positioned, lugged and clearly marked. The box 
can be rotated to any of four positions. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 













TOTALLY-ENCLOSED 
MOTOR 


NEW NEMA 
RATINGS 


The new dimension 
standards recently 
adopted by NEMA offered 
TTA bY opportunity to 
introduce the new Types 

J and E, providing more 
compact power, greatest 


safety and better value 





. § TOTALLY-ENCLOSED 
8 


The frame, end bells, fan guard cover and conduit box of the new 
Type J (Totally-Enclosed) and Type E (Explosion-Proof) U. S. 
motors are all made of cast iron to offer complete protection 
against corrosive conditions and external blows. The shock- 
resistant, cast-iron frame is heavily ribbed for added strength and 
rapid heat dissipation. The iron grille is cast integrally with the fan 
guard. It permits maximum flow of air to the ventilating fan, 
prevents entrance of debris and avoids breakage. These, plus many 
other exclusive U. S. features such as asbestos-protected windings, 
Lubriflush transverse lubrication, and: normalized castings, make 
U. S. Totally-Enclosed motors the most advanced concept of 
complete protection for dangerous duties. 


te Pe eee) Si 


Mail coupon for comprehensive fully 
illustrated booklet -?_ 

oe 
U. S. ELECTRICAL MOTORS INC. 

Box 2058, Los Angeles 54, Calif. or Milford, Conn. 


Please send Bulletin No. 1879 






Name 
Company 
Address _ 


State 
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CUT COSTS to | 
ALLTIME Low 


with 


WIRE CONNECTORS 





@ Millions in Use 

e Speed Wiring 

e@ Superior Holding Power 
* 

* 


Compact in Size 
Take Minimum Wire End 
Stripping 

e@ Streamlined for Mass 
Production Needs 

e Puts Rejection Time into 
Production Time 

e@ 11 Sizes in Ceramic and 
Bakelite Materials 

e Approved by Underwriters’ 
Laboratories and Canadian 
Standards Assoc. 


New! 


HI-0 “LOK-ON" "Midget Size” 
WIRE CONNECTOR 


Features unique  meto! 
spring insert. Wire 
Strands become securely 
wedged and locked as 
the connector is screwed 
on. Cannot vibrate o: 
shake loose. Even inex 
perienced help can moakc 
perfect pigtail splices 
UL and C.S.A. approved 


PLASTIC CLAMPS 


PERFECT INSULATORS! 
Available in Ethyl Cellulose, 
Nylon, and Saran. 46 stock 
items from 4" to 3". Open 
easily-speed production flow. 
Light in weight, tough and 
durable over wide tempero- 
ture range. Will not cut or 
froy insulation. 








PLASTIC STRAPS 


Available in two sizes to: 
non-metallic cable . 

your choice of black or 
ivory color in both sizes 


Rust and corrosion resistant 
— no insulation cutting - 
greater safety. Complies 
with REA. New ivory color 


perfect for NMC-UF cable 


For FREE 
WRITE MDLE PACKETy 


co HOLUB ENDUSTRIES, INC.,, | | 
| 445 ELM ST. « SYCAMORE, ILL. 
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household and office objects, a fact for | 


which industrial designers are respon- 
sible in a large measure.” 

Another proponent of this point of 
view was Raymond Loewy who pointed 
out that “Borax” (overstuffed. overdec- 
orated, so-called “popular” modern 
design) is gradually disappearing. “To 
me the future of American taste is 
assured,” he stated. “Nevertheless,” he 
said, “while large items like refriger- 
ators and ranges are generally well 
designed, there is a mass of smaller 
items on the market which represents 
extremely bad taste. We industrial de- 
signers believe we will continue to help 
influence public taste by making good 
design available. As taste improves, 
badly designed items will become un- 
salable. However,” he added, “we 
cannot do this overnight, and we cannot 
do it alone.” 

“Taste has moved throughout his- 
tory in a wave motion,” according to 
Walter Dorwin Teague. “Periods of 
great design have been followed regu- 
larly by periods of decline. Industrial 
design is one powerful influence at pre- 
sent leading us up to a level of classic 
taste. “But.” he added, “there’s no 


| assurance this level will be maintained. 


That depends on the vigilance of many 


Art Kr 


people.” 


Surface Roughness and the 
Design Engineer 


| JOSEPH MANUELE, Director 


Headquarters Quality Control 
WesTINGHOUSE ELEcTRIC Corp. 


Up TO TWENTY or twenty-five years ago. 
it was customary for design engineers 
to specify the degree of surface rough- 
ness required on a machined part b: 
such terms as “finish all 
“orind smooth.” This set the 
for an argument between the inspecto 


over,” oO} 


stage 


and the foreman; the engineer and the 
inspector; and, the foreman and _ the 
“orind smooth,” 


flexible one and its inter- 


operator. The term. 
Was a very 
pretation depended upon the judgment 
of the inspector, and even with the 
same inspector the standard could vary 
from day to day. 
not available for 


Instruments were 
measuring surface 
roughness and generally the only tool 
used was the inspector’s fingernail or 
the edge of a penny. 

About this time, two things happened. 
In the first place, professional groups. 
such as The American Society of Me- 
chanical Engineers. and the Society of 


\utomotive Engineers. became inter- 


ested in the problem and, through 
their sponsorship. the (American 


Standards Association set up Commit- 
tee B46 to study the general subject of 


f VY TT 
LATCH-IN 


mat 





featuring 


@ Reliability of the popular Magne- 
craft Class 11 D.C. Relay. 


@ Latching levers of alloy steel, heat 
treated and hard chrome plated. 


@ Electrical or manual reset. 
@ Wide range of contact ratings. 


@ Widely varied contact combina- 
tions. 


@ D.C. operation; 6 to 1LI5V. 


@ Small size—Approximate overall 
length, 2%”; width, 1”; height, 1%”. 


Send for Catalog describing the new 
LATCH-IN RELAY, also Class 33, Class 
II and Class 22 Relays for A.C. or D.C.. 
open, plug-in, dustproof, hermetically 
sealed and many special models. 


PSH) ame 





SEPTEMBER 1955 ELECTRICAL MANUFACTURING 





ie refrigeration industry throughout 
its phenomenal growth has obtained 
important quantities and qualities of 
steel from Newport. Many other great 
industries also find in Newport a most 
valuable union of modern facilities, fa- 
vorable location, and personnel old in 
experience but youthful in aspiration 


7 Faleinads 


ECONOMICAL WATERAIL-TRUCK DELIVERY 


FOR THE REFRIGERATION 
INDUSTRY 


and accomplishment. The latest addition 
in Newport's continuing program of ex- 
pansion is the new cold-reduction mill, 
supplying still another essential steel 
from this one convenient, dependable 
source. Look over this list of Newport's 
quality products, then let us discuss your 


requirements with you. 










PRODUCTS OF NEWPORT STEEL 


Cold-Rolled Sheets 

Hot-Rolled Steel in Coil 
Hot-Rolled Pickled Steel in Coil 
Hot-Rolled Sheets 

Hot-Rolled Pickled Sheets 
Galvanized Sheets 
Galvannealed Sheets 

Colorbond Sheets 

Electrical Sheets 

Alloy Sheets and Plates 

Electric Weld Line Pipe 

Roofing and Siding 

Eave Trough and Conductor Pipe 
Culverts 


CORPORATION 


NEWPORT, KENTUCKY 





YOUR CONFIDENCE 1S JUSTIFIED WHERE THIS FLAG FLIES A SUBSIDIARY OF MERRITT-CHAPMAN & SCOTT CORPORATION 
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Scruggs 


The Scruggs Geared Motor 
is engineered for use in Rotis- 
series, Vending Mechanisms, 
Rotary Display Units, Actuat- 
ing Devices, Dispensers and 
similar applications. 







THE 
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4 ANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 


o 


Here’s the newest addition to the 
Scruggs line of ‘‘tailored’”’ motors. 
It’s a 2-pole shaded pole induction 
motor coupled to a powerful sub- 
fractional horsepower speed re- 
ducer, in one compact unit. The 
basic motor, with output speeds 
to fit your specifications, is sup- 
plied for 115 volts, 60 cycle power 
supply ... or specially wound for 
other voltages and frequencies. It 
can also be furnished without the 
gear housing. Send us your specs 
... without obligation a Scruggs 
motor will be designed to fit them. 
Write Loyd Scruggs Co., Festus, 
Missouri. 





Scruggs MODEL 1050 features: 


3K LARGE OIL RESERVOIRS for long life. 
% FAN for cool operation. 
36% MOLDED NYLON GEARS for quiet operation. 


oH vacuum IMPREGNATED COIL for operation under 
maximum temperature and humidity conditions. 


You can stake your reputation on SCRUGGS MOTORS 


COMPANY 
FESTUS, MISSOURI 








surface quality and make recommenda- 
tions for its evaluation. 
place, Ernest Abbott 
“profilometer,” a 


In the second 
pertected the 
stylus-type  instru- 
ment for measuring surface roughness 
in root-mean-square microinches devi- 
ation from the nominal surface. 

In the early days the profitometer was 
used most extensively 
surface roughness for 


for measuring 

determining 
changes resulting from improvements in 
the manufacturing process. It was just 
another inspection tool used to tell the 
real difference between two surfaces, 
and to all intents and purposes, estab- 
lish a standard. However, in some 
branches of industry, particularly auto- 
motive there was an_ engineering 
urgency for establishing standards of 
surface roughness .in the interest of 
product performance improvement. It 
was felt that longer life and greater 
efhiciency would result from smoother 
surfaces. But how smooth a surface 
should be, no one seemed to be willing 
to state. 

Therefore the American Standards 
Association was importuned to estab- 
lish Committee B46 in 1932 to study 
the problem and in 1940, the Committee 
submitted a pamphlet describing a 
method of “designating surface rough- 
ness, waviness, and lay.” This original 
pamphlet went through several revi- 
sions and in 1947 the ASA finally pub- 
lished an American Standard on Sur- 
face Roughness, Waviness, and Lay. 
However, the question of what degree 
of surface roughness was most desirable 
for any particular application was left 
unanswered. 

In this first edition, surface rough- 
ness was defined as “relatively finely 
spaced surface irregularities. On sur- 
faces produced by machine and abra- 
sive operations, the irregularities pro- 
duced by the cutting action of tool 
edges and abrasive grains, and by the 
feed of the machine tool, are roughness. 
Roughness may be considered as being 
superimposed on a wavy surface.” 

The Standard also stated that “the 
height of the roughness shall be speci- 
fied in one of the following terms: 

1. Maximum peak to valley height 

2. Average peak to valley height 

3. RMS average deviation from the 

mean surface 

4. Arithmetic average deviation from 

the mean surface.” 

It is seen that the engineer had his 
choice of four methods of specifying 
surface roughness. However, since the 
profilometer measured RMS _ average 
deviation from the mean surface, RMS 
average deviation became the standard 
method of designating surface rough- 
ness whether the engineer realized it 
or not. 

It is necessary to mention this lack 
of a single standard since the British 
commenced to publish standards on sur- 
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~ Whew No Other Material 


Cou Meot Your Eltcnical Requinement 


In case 
after case 
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New tube cap connector made of KEL-F Plastic 
insures high insulation resistance, and excellent di- 
mensional stability over a wide temperature range 
(—320° to 390° F.) for critical installations. 


KEL-F® PLASTIC IS UNIQUE. A polymer of trifluoro- 
chloroethylene, its molecular construction produces a combi- 
nation of outstanding properties headed by excellent electrical 
characteristics, resistance to chemical attack and negligible 
deformation under load. 

KEL-F Plastic is dense, tough, and readily moldable. It has 
an operational temperature range of approximately 710° F. 
(—320° F. to 390° F.) KEL-F Plastic is non-wettable, and mois- 
ture absorption is zero! In electrical applications it can be 
used structurally as well as dielectrically—particularly in the 
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critical electronic applications encountered in sub-miniatur- 
ization, automation, servo-mechanisms, etc. And, as wire in- 
sulation, KEL-F Plastic offers outstanding abrasion resistance, 
so important in aircraft and other critical installations. 

KEL-F Plastic is available as a molding compound, or in ex- 
truded film, sheeting, rods and tubing from independent fab- 
ricators. KEL-F Dispersions for bake-coating of metallic sur- 
faces are also obtainable. The complete story of KEL-F Plastic 
should be in your “ready” file. Write for special bulletins. 


THE M. W. KELLOGG COMPANY 


Chemical Manufacturing Division, P. O. Box 469, Jersey City, N. J. 
SUBSIDIARY OF PULLMAN INCORPORATED 


® Registered trademark of The M. W. Kellogg Company’s fluorocarbon polymers. 
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SEAL OUT 
WATER :: 
DIRT - - FUMES 
CORROSION 


GOV'T. APPROVED ‘*U. S. Patent 2462023 


NeW ra ACCESS 


we AE Ry 


;* 
i( i } 
NY * mr 
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vila, \J 


Pull out, Tilt & Lock 
in 2 Seconds 


Chassis Slides, Type H-5798, are designed 


to fit most standard relay racks. These inex- 


pensive Slide assemblies, although light in 
weight, will hold more than 100 Ibs. with- 


out distortion. 


Tilt-lock mechanism securely holds 
chassis when tipped for service or repair. 
Chassis can be quickly removed from Slides 
by drawing two locking pins. Meet Spec. 


MIL-E-16400 (Ships). 
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WITH MOUNTING PLATE 


Design conforms to MIL-T-945A. 
comfortable, hinged grip is black anodized 
aluminum coated with black or gray vinyl, 
swings 180° and lies flat when not in use. 
Lifts 125 lbs. Stock delivery. 


RIS) COE IES A 
ae 














at Vital Mounting 
and Sealing Spots! 


FOR TOGGLE, CONTROL SHAFT, 
AND PUSH BUTTON SWITCHES 


SEALNUTS serve dual function of 
mounting and sealing electrical switches. 
Twelve stock styles fit most toggle, rotary 
and push-button types. They provide rigid, 
metal-to-metal contact with panel for secure 
mounting, while Silicone sleeve and O-ring 
seal against external pressures to 200 p.s.i., 
stay flexible at —65°C, meet requirements 
of MIL-B-5423. Over a million have been 
used to protect commercial and military 
equipment. 
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face roughness at this time based on 


“center line average;” that is, the 
arithmetic average of deviations from 


The British and Amer- 
ican concept of a standard method for 
measuring surface roughness has been 
reconciled and it is agreed that sur- 
face roughness shall be designated as 
the arithmetic average of the deviations 
from the center line. In America, 
called the arithmetic average: 
land, it is called the aver- 
age. The RMS average deviation is 
approximately 1.1 times the arithmetic 
average deviation. 

This has clarified the standard method 
of designating surface roughness for 
the design engineer. Now, he has only 
one number to express the standard and 
that number designates the arithmetic 
average of the peaks and valleys of a 
surface from the center line. However, 
this does not solve the important prob- 
lem of the distance between irregular- 
ities, or the wave length of irregularities. 


the center line. 


it is 
in Eng- 


center line 


Roughness-Width Cutoff. As new 
instruments for measuring surface 
roughness were put on the market, it 
was noticed that different instruments 
different readings on the 
Instrument makers explained 


saying that dif- 


gave 
surface. 
this phenomenon by 
ferent instruments had different fre- 
quency responses. In an electrical 
integrating instrument, tracing a surface 
at a specified speed, frequency-response 
characteristics permit exclusion of all 
wave lengths ‘greater than the cutoff 
value; where cutoff value is defined as 
“the maximum width in inches of sur- 
face irregularities to be included in the 
measurement of roughness height.” In 
the British standard this is known as 
the sampling length. The instrument 
will not recognize, and will not respond 
to, surface irregularities of greater 
width than the roughness-width cutoff. 
Electrical instruments with adjustable 
frequency response or variable speeds 
of trace, can be set to measure only the 
fine irregularities include 
also more widely spaced ones. It would 
be desirable to have instruments of 
variable frequency response so that the 
instrument could be adjusted to meas- 
ure roughness of short wave lengths as 
well as long wave lengths. 

The effect of variation in roughness: 
width cutoff can be understood better 
by making a profile of a surface having 
a roughness spacing of about 0.040 in., 
and interpreting the true profile with 
roughness-width cutoff value settings of 
0.030. 0.010, and 0.003 in., respectively. 
It can be shown that the profile based 
on 0.030-in. roughness-width cutoff in- 
cludes most of the coarse irregularities 
and all of the fine irregularities of the 
true profile; that the profile based on 
0.010-in. roughness-width cutoff ex- 
cludes the coarser irregularities but in- 


same 


very or to 
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You save, because there can be no waste with the 


industry’s only Performance-Guaranteed Tape 
Wound Cores. You also get the widest Oetenet 
standard sizes, and for a ‘slight additional cost 
can specify your tape wound cores in the remark- 
able Aluminum Core Box* in any size. For com- 
plete details, why not write for your copy of 
Magnetics, Inc. Catalog TWC-100 today? 


TTS Ea 


MAGNETICS, INC., DEPT.EM-23 BUTLER, PA. 


“patent pending 
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, TRANSFORMERS 


NOW ... through a unique method . . . “GTC” represen- 
tatives are prepared to give you on-the-spot answers on 
delivery time, price and all other pertinent details .. . 
to precisely order to your particular electrical and mechani- 
cal requirements and still provide for quick delivery 

aes cae pro- usually eg 

° e ranstormer in r iz ono- 
“GTC” calls it detai mies through opp 


detail to: , mies threugh applico- 
V eliminate time - con- tion of mass production 


“Custom- suming liaison between techniques to limited 
ek alate your engineers and ours quantities 
specified ° V reduce time for proc- \ simplify and assure 


essing orders because more accurate specify- 
sample submission is ing of your requirements 


Write today for the “GTC” representative in your area . . . he'll 
be glad to call ct YOUR convenience and show you how to save 
time and money on YOUR transformers. 


ececcccecooccs GENERAL 


panna TRANSFORMER COMPANY 


is just off press serving industry since 1928 


. - « write for 18240 Harwood Avenue, 
your copy. Homewood, Illinois 
ecececococeeee see tit 


Want further data on 


advertised products? 





S you scan the advertising pages your interest may be 

stimulated in various products or services that tie 

in with your development projects and on which you would 
like more detailed information. 





























Obey that impulse to send for the bulletins or other 
technical literature offered by the advertisers. 














The Reader Inquiry Service cards just preceding the 
back cover make it convenient to request data from several 
different companies and obviate the need for separate 
handling. 


























The same postcard will serve also to register your request 
for article reprints and for further information on new 
materials and components described in the editorial pages. 


































































cludes the fine and medium fine irreg- 
ularities: and that the profile based on 
0.003-in. roughness-width cutoff includes 
only the very fine irregularities. All 
irregularities having a spacing less 
than the value roughness-width cutoff 
used are included in a measurement. 
Obviously. if the roughness-width cutoff 
value of an instrument is too small to 
include coarse irregularities of a sur- 
face, the measurements will not agree 
with those taken with an instrument 
having a wider roughness-width cutoff. 
For this reason, care must be taken 
to choose a roughness-width cutoff value 
which will include all of the surface 
irregularities it is desired to assess. 


Specifying Roughness-Width Cutoff. 
The British call this roughness-width 
cutoff, “sampling length.” However, if 
we view sampling length in the statis- 
tical sense as used in quality-control 
work, we can readily see that sampling 
length is really length of trace, or the 
distance over which the stylus travels in 
making a determination. 

Statistically speaking, a sample is a 
small portion of the whole which ade- 
quately represents the whole. Where 
discrete units are being inspected, a 
sample is composed of several units. 
From discussions with Mr. Reason of 
Taylor, Taylor and Hobson, manufac- 
turers of the Talysurf, the British 
instrument for measuring surface 
roughness, it appears that the British 
will accept length of trace as the 
sampling length and substitute for their 
sampling length, roughness-width cutoff 
as defined by the American Standard. 

It is desirable to have the sampling 
length equal to at least five times the 
roughness-width cutoff for the instru- 
ment to give reliable readings. There- 
fore, this agreement on definitions be- 
tween the British and Americans is 
important. 

This still does not answer the ques- 
tion as to how the engineer can apply 
surface roughness specifications in his 
work. In practice, it has been found 
that a surface-roughness committee is 
best qualified for determining what 
degree of surface roughness shall be 
specified for a particular application. 
Such a committee generally is com- 
posed of a quality-control engineer, a 
design engineer, and a manufacturing- 
methods engineer. When specifying 
surface roughness, consideration must 
be given to functional requirements of 
the surface, the tools and methods 
available for generating the surface, 
and methods for measuring surface 
roughness. The choice of the degree 
of surface roughness wanted must be 
made on the basis of field or perform- 
ance experience. Hence, it is im- 
portant that the quality-control people 
and the manufacturing personnel be 
consulted before deciding on a definite 
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SAVE TIME 
SAVE WORK 


SAVE MONEY 
WITH 


CRESCENT PRE-FORMED HARNESS 


ger ent oie ne ’ 


—— —— 


Every day, Crescent wiring specialists aresolving 
problems for more and more leading manufac- 
turers. Don’t “do-it-yourself”. Let our design 
engineers show you how Crescent custom-built 
assemblies can do the job better—save you 
time, work and money. A field representative 
is near you right now. Write Dept. EM today, 
or telephone Pawtucket 2-3100. 













Civin faites pms) ae 


Serving Industry for more than 30 years 
FOR COMPLETE INFORMATION, WRITE DEPT. EM. 
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Give added sales 


appeal to your 
product with 



















G-E Ozone Lumps 
electronically produce 
ozone — an activated 
form of oxygen—which 
chemically destroys 
objectionable odors. 
One lamp will rid odors 
from approximately 
1,000 cubic feet. 


meter. 





For complete information on 
the G-E Ozone Lamp, write to 
General Electric, Dept. EM-9, 
Nela Park, Cleveland 12, Ohio. 


It's easy to include a 
4-wattG-EOzone Lamp 
in your design. It is only 
2% inches in length 
and 1% inches in dia- 



















G-E Ozone Lamps are now 
destroying objectionable 
odorsinsuchapplicationsas: 


Clothes washers and dryers 





















The G-E Ozone Lamp 
is an electric discharge 
lamp, so it must be op- 
erated with a ballast— 
either a simple choke coil 
typeor a 40-watt incan- 
descent lamp in series. 


Refrigerators 
Beverage Vendors 
Air conditioners 
Kitchens and bathrooms 
Elevators 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


358 













value of surface roughness for any 
application. The final choice must be 
determined by such factors as type of 
loading, speed and direction of move- 
ment, physical characteristics of both 
materials in contact, type and amount 
of lubrication, and operating tempera- 
tures. 

Experience has shown that surfaces 
which are too smooth for the applica- 
tion can be just as undesirable as sur- 
faces which are too rough. Extremely 
smooth surfaces, running in contact 
with each other, create a lubrication 
problem and may freeze together be- 
cause of molecular adhesion; whereas 
rough surfaces may cause extreme fric- 
tional conditions. Other things con- 
sidered, the smoother the surface, with 
adequate lubrication, the more efficient 
will be the performance, and the longer 
the life of the part. The maintenance 
problem also will be less critical. 

Surface roughness should be specified 
only on those surfaces which must con- 
form to, or meet, functional require- 
ments. For all other surfaces, the finish 
resulting from the processing opera- 
tions required to obtain dimensional 
accuracy should suffice. When a pro- 
gram of surface-reughness specification 
and control is first adopted, with the 
enthusiasm of beginners, the tendency is 
to specify roughness on too many sur- 
faces. Profuse and loose usage of 
surface-roughness specifications where 
not necessary detracts from the proper 
emphasis that should be given to im- 
portant functional surfaces. 

Perhaps the first important factor 
the surface roughness committee has to 
consider in choosing a roughness num- 
ber is the roughness-width cutoff value 
of the instrument. On this point the 
American Standard says: 

“In general, surfaces will contain 
irregularities with a large range of 
widths. 
respond only to irregularity spacings 


Instruments are designed to 


less than a given value, called the 
roughness-width cutoff. In some cases, 
such as surfaces in which actual contact 
area with a mating surface is important, 
the largest convenient roughness-width 
cutoff will be used. In other cases, such 
as surfaces subject to fatigue failure, 
only the irregularities of small width 
will be important, and more significant 
values will be obtained when a short 
roughness-width cutoff is used. In still 
other cases, such as identifying chatter 
marks on machined surfaces, infor- 
mation is needed on only the widely 
spaced irregularities. For such meas- 
urements, a long roughness-width cutoff 
instrument should be used with a large 
radius stylus which will not respond to 
the more closely spaced irregularities.” 
eo: 
\bstracted from a paper presented at the 
ASME Diamond Jubilee Spring Meeting 
Saltimore, Md., April 18-21, 1955. 
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FOR EVERY PRODUCT NEED 


Yes, regardless of your product need, you'll find 
HUSSEY COPPER and BRASS are produced in the 
form you require. Sheet, strip, coils, bars, rods, 
wire ... even plating anodes. Yes, in all com- 
mercially used grades, too, and in a highly refined 
quality that smooths out production, and increases 
your product quality. 

Specify Hussey with confidence for every cop- 
per and brass application. Completely stocked in 
our Chicago warehouse, Hussey Copper is “on the 
job” to fill your specifications. 


Cc. G. HUSSEY & COMPANY 
(Division of Copper Range Co.) 


ROLLING MILLS AND GENERAL OFFICES 
PITTSBURGH 19, PA. 
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AVAILABLE IN EVERY FORM 





& 7 Convenient 
Warehouses 


PITTSBURGH (19) 
2850 Second Avenue 


CLEVELAND (14) 

5318 St. Clair Avenue 
ST. LOUIS (3) 

1620 Delmar Boulevard 
PHILADELPHIA (30) 

1632 Fairmount Avenue 
NEW YORK (13) 

140 Sixth Avenue 
CHICAGO (18) 

3900 N. Elston Avenue 


CINCINNATI (2) 
424 Commercial Square 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 
bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., » also machinery & tools 


doseph T. Ryerson & Son, inc. Plants at: New York « Boston « Philadelphia « Cleveland 


Cheriotte, N.C. « 
Milwaukee «+ 


Cincinnati 
St. Louis « 


Detroit «+ Pittsburgh «+ Buffalo « 


Spokane « 


Chicago 


Los Angeles « Seattle 


San Francisco e 








NEW HANDLES 


For Hot Plate Switches 
and Similar Applications 





—At Special Low Prices! 


Smartly styled, quality made knobs, at low cost. Avail- 
able with the standard “’S” type shaft hole (.251 dia. 
flatted to .203”). Others can be supplied at nominal 
tooling charges. Samples and prices furnished on request. 


ROGAN BROTHERS 


8027 N. Monticello Ave., Skokie, Illinois 
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Metal Statistics 





Consumers had little to cheer about last month: 
Pricewise, aluminum went up 1¢ a lb, copper has 
rocketted by 4¢ a lb, lead and zine remained ex- 
tremely firm. Supplywise, the disastrous copper 
strike has left an acute shortage and a discourag- 
ing outlook for the remainder of the year. 


COPPER—Consumers who had weathered two price increases 
in copper this year, had to brace themselves for an all. 
time high of 40c for electrolytic copper. But, to some 
consumers, 40c already appears to be a “low price” com- 
pared to the 45c and 47c prices which they have had to pay 
for badly needed copper in the so-called outside market. 

There were good reasons why the 40c price came through 
on August 17 as anticipated: 

1. A crippling strike in the copper industry, which began 
on July 1 and ended in mid-August, caused the loss of 
approximately 85,000 tons of refined copper. Shut down 
during the strike were the facilities of Kennecott Copper 
Corp.; Phelps Dodge Corp.; American Smelting & Refining 
Co. Two other concerns—Anaconda and American Metal 
settled without having to close their plants. As a result of 
the strike it was expected that there would be a shortage 
of copper at least through the end of the year. It was also 
expected that consumers would get nowhere near the amount 
of copper they needed for their own use. 

Attempts to get the Government to loosen some of its 
stockpiled copper have not been successful. It was doubted 
whether the President could be prevailed upon to declare 
the requisite state of emergency. Some 5000 tons of copper 
destined for the stockpile, however, were diverted for con- 
sumers engaged in defense orders. 

2. As a result of the shortage of copper, the demand for 
scrap became extremely pressing. So much so that the 
price rose to an unprecedented level of 38c a lb. In other 
words, No. 2 copper scrap was within 2c of the price of 
primary copper. It costs around 5c to refine scrap, so that 
actually copper refined from scrap would cost 48c a lb. 

3. In view of the higher price for scrap and the lack of 
primary copper, wire mills and brass mills were forced to 
take two courses of action: Some of them closed down tem- 
porarily or went on limited operational schedules. The 
second step was to raise the price of their products on the 
basis of either 40c or 42c copper. At the same time brass 
ingot prices were advanced lc to 3c a lb. 

4. Further upward market pressure resulted from the 
action of the Chilean government in forcing an agreement 
with Anaconda and Kennecott whereby both companies 
would hereafter ship 66 per cent of their Chilean output of 
copper to Europe, where they could get advantage of the 
higher prices; and 30 per cent of their output to the United 
States. And in London, the Rhodesian Selection Trust. 
which had been battling to keep the copper price stable, was 
forced to raise its fixed price from 35c to 40%c a Ib. 

5. Outside market prices were heard as high as 50c a lb 
for wirebars. But European price levels of around 45c¢ and 
47c were the most commonly accepted as the outside market 
price. 

ALUMINUM—Price was advanced lec a lb on August 1 by 
the Aluminum Company of America following settlement 
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©@ Electric Roasters 
© Home Pasteurizers 
® Laboratory Equipment 
© Hospital Sterilizers 
® Electric Ovens 


Ce elim siti aati 
© Motor Contre 
@ Livestock Watering 
Tanks 
© Poultry Brooder 


e Space Heater 


thermostats 


60° to 


CONTROLS COMPANY 


Robertshaw-Fulton Controls Company 
Greensburg, Pennsylvania 


Gentlemen: 
Please send detailed information on your type EA 
thermostat. | am interested in application for 
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Phalo Cables 


are (ustomer-Made... 


—_—— 





Ask Any of Our Custom Customers! 


Because this statement Phalo’s custom cable opera- 


could be made by many tion . . . and we can trans- 
Phalo customers who saw late your “specs” however 
us turn “specs” into a cus- complex and exacting they 


their are. 
have 
not shown the personality 
behind this statement. 


built for 
purpose, we 


tom cable 


express If you're holding cable 


specs that are holding up 
progress and you wish you 
were holding the finished 


hold of 


show 
interesting 
examples of the scope of 


We can, however, 
cable, get 


your Phalo man. 


you some very custom 


Ask For The Complete Phalo Catalog 


PLASTICS CORPORATION 


COMMERCIAL & FOSTER STREETS 
WORCESTER, MASS. 
insuloted Wires, Cables - Cord Set Assemblies 














with its union which allowed for a 15c hourly wage increase. 
Kaiser and Reynolds followed and the price was therefore 
established at 22.50c a lb for pigs and 24.40c for ingots. 

The boosts in primary aluminum contributed additional 
strength to an extremely strong secondary aluminum market. 

Compared with May, production of primary aluminum de- 
clined about 3 per cent in June to 127,634 short tons. Out- 
put for the first six months of 1955 totaled 759,867 tons 
and was greater by about 6 per cent than in the corre- 
sponding period of 1954. 


+ % 


LEAD-ZINC-—Consumers could breathe a sigh of relief that 
the lead and zine prices were maintained at their old levels 
during the past month but even this relief had to be tem- 
pered by the fact that supplies of both metals were harder 
to secure. 

Of the two, zinc was perhaps in tighter supply and there 
was talk that the price might go to 13.00c. However, by mid- 
August such talk had evaporated to some extent and sales of 
Prime Western zinc were being effected at 12.50c East St. 
Louis as far ahead as October. However, Special High Grade 
zinc was almost unobtainable. 

Surprisingly enough, stocks of zinc at the end of July 
showed a rise, totaling 51,305 tons, as against 48,603 tons 
at the end of June. This was explained by the fact that July 
was a vacation month and that brass mills who had ordered 
zinc were forced to hold off taking it because of the lack of 
copper. Production of all grades of zinc in July came to 
84,388 tons, slightly below June’s 84.452 tons. Shipments of 
zinc amounted to 81,713 tons as against 99,039 tons in June. 

As for lead, there was a continuing consumer demand for 
this metal throughout July and August. Buying was at the 
15.00c New York price but there was no talk of higher levels. 

Output of refined lead in June came to 48,133 tons, as 
against 45,435 tons in May, an increase of 2.698 tons. Total 
output for the first half of the year was 279,103 tons, as 
against 279,558 tons in the same period last year. Domestic 
shipments of refined lead totaled 45,030 tons, as against 
46,130 tons in May. First six month shipments were 265,515 
tons, as compared with 255.827 tons in the same period last 
year. Stocks at the end of June totaled 44,599, a decrease 
of 6,348 tons and were the lowest since December, 1952. 

It seems only a short while ago that both the lead and 
zinc industries were clamoring for Government stockpile 
purchases to absorb some of the surplus supplies and to 
keep the mines from closing. In August, when the Govern- 
ment came into the market for lead and zinc for its stock- 
pile, it got only token offers. 


* * * 


SILVER—Mid-August price in New York was 90%4c¢ per oz, 
or oc higher than the price last quoted in this column. A 
tight supply situation in silver, as a result of strikes at 
U.S. plants treating foreign material, was expected to ease 
as production resumes and more domestic metal also be- 
comes available. 

Mine production of silver in June was 7 per cent below 
that of May and the daily average production rate dropped 
1 per cent. Total output was 3,164,059 fine troy oz, as against 
3.407.754 oz in May. 

Domestic production of refined silver totaled 35,679,000 
fine oz in the first half of this year compared with 41,243,000 
oz in the same period last year, a drop of 5,564,000 oz. Re- 
fined silver output in June came to 5,931,000 oz, as against 
9.299.000 oz in the preceding month and 6,821,000 oz in 
the same month last year. 


* % % 
PLATINUM—Prices of $80 to $89 an oz ruled in mid- 


August with most metal only available at the higher end of 
the range. Since early July. supplies have tightened and 
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the Beryllium Copper ROLLPIN’ 


Strong ... highly resistant to corrosion . .. nonmagnetic . . . extremely conductive 


Now you can use Rollpin to cut assembly and maintenance 
costs in a whole new group of applications. A new line made 
of beryllium copper, one of the strongest of the copper base 
alloys, opens the door to a wide variety of uses where re- 
sistance to corrosive attack, good electrical properties and 
other unusual characteristics are required. These slotted 
tubular copper spring-pins can be used in assemblies that 
range from plumbing fixtures to electrical instruments, par- 
ticularly in conjunction with other copper base alloy com- 
ponents, 








ie " 
or 


8 a rivet 





a clevis 
pin 
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replace tapered pins 
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a@ set screw 


Rollpin has already established its ability to replace taper 
pins, straight pins and set screws; to serve as a rivet, dowel, 


hinge pin, cotter pin or stop pin. . . eliminating special ma- 


chining, tapping and the need for hole reaming or precision 


tolerances. Driven into a hole drilled to normal production 


standards, it locks securely in place, yet can be readily 


drifted out and reused whenever necessary. 


Rollpin is available in beryllium copper from .062”- di- 
I ; PI 


ameter to .250’- diameter, and in steel and stainless steel up 


to .500”- diameter. 


Dept. R35-922, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


Please send me the following free fastening information: 


[-] Data on beryllium 
copper Rollpin 


Name_ 
Firm 
Street_ 


ae 


[-] Here is a drawing of our product. 


What self-locking fastener would you 
suggest? 


Title__ 
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HELPS YOU 


SELL 


IT WILL PAY 


When you fabricate from Colorweld Coil you 
eliminate the difficulty and expense of finishing 
individual parts in your paint department. Color- 
weld’s baked on enamel finish permits bending, 
forming, slitting, stamping and most drawing 


operations without scratching or peeling. 


You can order Colorweld Coil 
in widths ranging from %” to 
36”, in thicknesses from .016” 
to .051”. With this new, wider 
coil hundreds of new electrical 
items can be made more eco- 
nomically in beautiful, lasting 
colors. According to your speci- 
fications, it can be coated with a 
variety of colors, enameled on 
one side or two. 


Colorweld aluminum coil can 
add sales appeal to your prod- 
ucts while substantially reducing 
your production cost. We will be 
glad to work with you in refer- 
ence to width, guage and color. 
Write us today, without obliga- 
tion, for full details. 


SOUTHERN STATES IRON ROOFING COMPANY 


GENERAL SALES OFFICES, SAVANNAH, GEORGIA 


prices have moved up. Total sales of platinum-group metals 
in the first quarter of 1955 were 24 per cent higher than 
in the preceding quarter. 


* *% * 


SELENIUM—Price was advanced $3 a lb in mid-August to 
$10 a lb. This rise was attributed to higher prices being 
paid abroad. 


* % * 


TIN—Market has eased a bit, subject, of course, to daily 
fluctuations. On August 11 spot price was 9614c¢ a lb. In 
mid-July the price was quoted at 98%<c a lb. 

World production of tin in concentrates in May totaled 
14,700 tons, against 13.800 in April. 


a % * 


MAGNESIUM—Prices were unchanged during the past 
month, being maintained at 28%c a lb for ingots. Output 
of primary magnesium in the second quarter dropped 26 
per cent, totaling 10,893 tons. Net shipments of magnesium 


mill products in June were 1.678.000 Ib, or 9 per cent below 
May. 


* * * 


NICKEL—The Government is seeking to alleviate the sharp 
shortage of the metal. At the beginning of August, the Office 
of Defense Mobilization ordered the diversion of an addi- 
tional 1,000,000 lb to relieve industrial shortages. The action 
brought to 12,000,000 lb the amount of nickel sold or diverted 
by the Government to industry since February. 

Consumption of nickel in May was 5 per cent smaller than 
in April but imports were 9 per cent larger. Pricewise, there 
was no change last month, nickel selling at 64'%c a |b. 


% * * 


MERCURY—A steadier tone has been apparent in mercury. 
Spot mercury in mid-August sold at $255 to $257 a flask. 


* * * 


STEEL—Production in July was 9,110,000 net tons of ingots 
and steel for castings. This output was exceeded only in one 
other July: 9,275,673 tons in July of 1953. In the comparable 
month a year ago the output was 6.627.597 tons. 

Production for the first seven months of 1955 was 66,316,- 
302 tons, as against 50,759,229 tons in the similar period last 
year. 

Demand for steel continues unabated with predictions that 
high output, small supplies and heavy backlogs will continue 
well into the first quarter of 1956. 

A barometric indicator is scrap: In one month, prices for 
No. 1 heavy melting scrap have jumped about $10 a ton. 
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